“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1984-12 


Air defense concepts and effectiveness. 


Jones, Jerry Michael 


http://hdl.handle.net/10945/19118 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
" IC D U DLEY research materials and institutional publications created by the NPS community. 
FW | | Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

+ I T 

"" LIBRARY Dudley Knox Library / Naval Postgraduate School 
http://www.nps.edu/library 






411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 

































































































































































































































































































































































































































































































































































































































































































































































































"^ *9rá*, 
TRA QUERIDA tom, Py egest Eni ur er v 
Ld A a aktei rr re AAA 
Pw o 0 I “fhe A [a LA IT 
O DO RA A ie EVA 
"Pp WEE t - "n : N i 
A OLE STA cha do 5 ate Et Nga AA nv , 
EAR) i È wre hee re VR q al AS 3 à 4 
ll D DEN PP AA A A 1 : by NE SE RETE PERC] HEINE TU A PL 5 
E "a Ces ene E DU E To ME oor ae ERST ão paia AA, L fe AE] nu DERE AAA A AL * oen VA 
M q d I i à AA A dd cS A MAR P È Ara TRENT RE NE o 
el - be 4 La LESE WW LAGE MM MC 12 26 mA. ea es t O Pa Ds LI Mw a 
E , E una X I o eed Livtatha es Ao ae RAD CE t ta Mere Ke E AA TA A [^ 
da + * 4 “e cena Ny a a n M ‘ wet i b AR LULA EE INT RAC d E AU RAT Lu S FLU ti + CNC E 
x Nu" Na iX EUR LE. nena S yv y ray art ed Seat RSE 1a 4 DOCE nn OSOS EA 7 
i i e ATROCE Di > RIRS AT ro E ARICA "OB ov AAA E y DECORA Y 
E È n MAA A AA COREA A E EU TC SEITE n EA CATE) Re PEU eo cR ea A DES Dh g SP ENT 
ne: i ed Wie due EET. M AI RA ee i auod ML TC EM SN X ELLE ADDERE RPE N Peo fe oe kt AN FACCIO a 
` T £3) O Maypa, un ECRIRE 5e SOR A IE MU ke L A "ak eT he oe et K L'A RS ; 
S (ar g -b de PON tee haa +. MI 4 A T E a SC a toner seta 2 n. L ER MO RSI AN A Lb DOS 
1 “re Ah sq E E A bà, atat RR SIR P, CIAO NOCI ICE) * 4/6 y Lee n. & e n; DOOR 
"s NE be E TANO b. NAVALE TEGO TÀ VA NA IO vee MNA RA TE E AO i NODOS 
“1.4 be bu 48 TN E DT TS H SEE CE he eg d Es TL PONTO VEN AEW T” EA COX TALA O Aa te 
ET vy : SN EN AAC b CARRO AM ECTS , SON EN gio O74 Me fe MD alee Bie oA LY RN d RNA 
^ e . a a's IS O EE P MIA LI va CANTE ERIN abe 4 5 TASAS A a OO erty by weer e AS Pres 
; n8. 334 Vaal ea S SRT er a Cr E P a PARARE RISE OOO wie, ADO A Tro << 
» a zA adp) B ^ acta qa TE EE OE M p CAOS ¢ PAL ORGE IO V OA E A A IA TE MALE, x AAA A n 
E SO A A sree O A INE K gts “09, Na i A AAC RE CEEE £3 É DI Ri INIA Se [AMS LASSO AAA AA v VER PE MA) ¿AR PON Y A CATA cerdo 
D 4 pee t EUM è Li E SRN A O MS ia ER e aero e dul e ns KO Rr or Pe RA AO NÓ EOL A f pala Le nda vie = 
P E 1 A ^ A Uc T ur * ^ 3 CIEN E VERONAE IRL ^ CARA 12 et. at P» [ETC Pt AM TSE ATE Y . III A DX A fa de BI o RENO a 
. > SIE A) EP" b r 1^ DI I m LR T MAD rar 0d e WI dr m EE E S4 [CPC PER ELI > 5 1 Orme eos he A I e ap o E 
yu k S pO OS O ES ON fri a ERU RR XC USD ERE VE CLAU IRON VINCENZA TXT AA Al lr td 
* za 1 3 . 42 age " TI LX A EN à wa H e^ YA NA e Me LAN ^ P coe or ky lre eh, t 4 $m noftre d ciae y a n 
M D è “a è Ld I E LE E SRI IS ru PER tima D ES E ESA a AAA rt E TE NEM ADI [Ey XE VOW eee COLE Ln 
AA Ci A A A NE EEES ry a Elio A OE RETE S A S DENDO A vL NIP EN Bee Dy PO Ey ria [Al 
n ^ P LP E 5 Airs a he BE WM! A “Aaah war eva Goan A. i p "wv wn DA añ ONE LS E Dir wet YE NAO to ae AAA TRI va ix DONI o dpi e epi A o oe a ee 
: EEEE E" LAT EUM. P S uoo y Aus LIMES tudos AA Montada RR SE E E TI ER COS C CP PP A Ga LEE. na x Ca R TRE A CA Pd ARAS FEA há o A 
P r P tA ' A r4 a € > + à i LA E h n * z EC eene Ve [v wx ta Bf 
E Sela © y NICO CAD MY ES ORC TOR S UTE OC LA DR e T OE CI wt DE a a dar ie Pd, 
E x Ci D er ey i CEN A AR ONO AA AN : ROERO N b AAA AY APTA e r cor 
» LI ad VE ia P Mi MEA Y URS D A ATEN AAA AE ERA EAS . aan ^ T rw oe i N i Le cri deh ard È 
F Nay wo A NE OU SEP C. REPAS X etu aur e WE QURE KE EO SAPE CDL TS S DECOR ALTARE Dap A ii ra pla, pr 
HE TIE T ta LAI RA DI cus EA A rs ^ CUT MU nOn A AE rA MAA 2b DENEN [ECT CN E è dieta. PE o a eas 
Ei > ER M, EC CA Ra OP LE UELLE UE UNE REESE ELEC RO BEN oe tek ey 0 to ig Bet CR A ECA SR e RA E UA MA - 
H " QUE E DE RE E E TA TROS PRE M'L@® ts MERAS CEASA: 2 AN A AO DE Oe Te AER CARRIZO È A E TIPI DL) A EDAD T he A dira a tira 
z ae a ere: OU ly Pees Ua CO SE RLY eee a a adele ahh RR AAA TAL, la A YO Sete tema re - A E ATEO hots hae Cee 
E ; VOS M LEM Mo Ue any E E A RAY a AO EN PUC S o AA A cado o a SRS eta 
AE 3 "a ry AL tue, SI O ES P ANETO E A IOI er SO ASA pet beet earth eee © es Cela EN TY A aa E rra a 
E a MR : A [3 $4 DE [IMS LT A 4 i A Aya a & Wan DR [LS A MUTATE WE ERES ri tao. RESETE NY a. e mi Acc wA E 4 m p^ CLONE can. Da 
E LC ToS aene oen ik ARGO TER SOC] OCA A AA VC Whee Vad AI Ge Lg Ae LO A DA ANA TS O lento it era E lo E 
Mos Ph vet P TU O ode CE Mr ea v NS een d aqq Pun y EAS SALA CA AO Y AAA AAA bo ete 4's VI ea AA rs 
è ` Cis oa b rd SS OTE AO GAI A Maa ES IA " AES Wf RA UU LP EN 
^ E LU DE NT ON ^ ^ A UR CTN AC ANO EI 7 ^ LETTER TEMP ALTE MURALI È SUI E TE AA ALI 5 yer rote ed E E A A * A IO e Piper er ente 
CONES DI A AES CEI RO, ESA DOE AL Eu CU. VR IU AS M DALAI Y e ir rs Maen er ace hr 397%, 0 UTE NIZA A ma MU, DEA PE EA Eyre e PEL CLEVO Y ps 
. » ` " ^ Pu erage LU NP A | F 1 E Y Y tts 64a goo sa y EE ry E PEN NE OI! NA qa ca 5 meh AN? [LT WIE ¿Y as oy ha e DIA 4 4 ipm MAA AA we 
" » DET LPs o EUA A3 A. A CRI ICI TRO S E aoo. & à n7 7a Yrs RE e le GARA CEN] AMET A b ERRA NE s pora prio a 
Pep A HADAS TIA DARAS i ict E RUE ELLE EOS DURO O Mo ULT LEE SCR Se OA oe OR ee tbt 
zi A pe he CC a Ir dM A PA RO TERESA NE: AE TU n UTE ME AA o oro do fh Ce S IRL n ER itr i DEE 
E nu " , E a Le RATA) REY E) v4 PR ENEKE RTEA DN LIAE MMC tr LI LI n CATE MA AN à xp p del yw "SC ag 
"E ER ^ " MA ea J f 4*&à! * S vL«A , Law Y Lá, ^ MILLS LES wv LIE! A nd Lus [Fio j RUI PE T+ tia A 
. a A AAA 3 7 RR ARA AN de; Hn. LEE ERE DLE PS + x PRETA * 4. e 
» Us. at ITI M QD AR o ert tee. ^ von a A E A MATS ER ERA ROS ES AR + bli ERRA ION A PALI O 
n $ a USE OO a " AE ICO AA DA EN Ti e | VETA SC SONO Pt YS ACT TORTURE AA A Doy n Auri ir acre dy 
y > A o Pra AAN a A A y A etl AA o SAA A. APTA UA On LE rera a epi rie AA itato ent 
A ^ Beg Rvary ee ROL s RUE DIO) A LI Pac E E CELLS LOLA, PIO, A AO Hy MARA A, CASE TE ee e pd LA al 
5 JE VIS A e ere hs CAR ME E ARA EN ht Pe ER GLEN ILIO PEN en SCENE ra Ar [AR ga 
Een x date LC TM CS PONTI A D ra mals ean ce Arey a Sp O E E, OO a ho A na A E SO E Y bL draco bee DS re TERM Per SCA ipi re 
z N n° A TCI INPS E ee A et RATS E m TN : D IRRADIO Y E D RULES EVI M : de diet dm de rar to? 
" t n > DP MUNERE ROC TA > a A O” DTP ALATO, MADEIRA MO c i ero 
hos  » B A a pA D LL SIR a à E OE b A AÓ » Soeur mh ie ENYA AT ae I" a €? a A A LA pe EN MS bei dar re er) “a Qe e 
A 2 Vic ALTRA AA Li | AIUTO VI RO NR SEE DI ER E A ee E Asa é A a, STA pater rr 
i I VIE OA T pu rA ONDE NIRE CS DUROS. n. OS TAE uU CN PPS b ELEC rr PIET! bei die pdt, 
s » A O LR wi d RR A LE a rd ES LX IO Sw he te | Py. h r^ rii AU ale rq pre ee EE S e Rodin, 
å ur ev TE È "un Lig SR MD REN LT ME A eee il ^ CIE PDC RE ! P EET a y Den ete’ < 
y SS E o AN Lu à pec D tos ae Se j y ANS AA A RAN mm A 
oe > "OE à BO ECOL CO woe ae tss AA. NOI tao PEE ee ARA hgh te ARI a es es pen eea ALI ie vo 
E ` pat . J DE St z A É A RANA pie i ”, PETE EAN O eee VL Cd Ad Rodi ie e x Aly C DA ER ie yep late ds dI o gir > bay arta 
à x i i s S Pe E TL t " E E PRADA LR LET ARE E ACE N A bli do La rp A wv E 
EAE LU TR) - Bal pria A, AR TEEN > hoe ym Ve BO Mt Se Se A an. RE y er) A A o are 
e O VERDE A A E AA RA, AR PES Fei An a III ERE LA IENE ¿dr e s pte 
» = 5 : ^ RE M ET ent , 7j REL EMT PITE vuv By N T Sp CASA 321M Rothe 2 og hE 0 At J ULT Ci ^ È ed UN - 
B H A P . DICI DU 134 3 o LEA Va e Y RA CIA UA ESA LPS DES . » NA hc ah 4 a M A DEA E [PILE i a ere 
A Ù UI VE SISI] A me ae pte MES M ta SACI ey pc re VAR a “a PRADO TU Ea Go a. des gh b NODO AL C iW A EA dis x 
A : d JA a ads EN E Ia. 13 MET a E. T aAA s MES OL E A EIL A ÃO dada ip qo A nie TR SEA bra AS al Pih av LAM Tor Sento My ira e eL AT tod rdc ic È rn e CAM 
t- a M n t. vA IB n A D ta Ce A PE CITA DN MAN, 9e ERE ER) EPIA MÀ Pomme cR ¿de A > an A c 
t 2 Tone 3 , POR. EX AS LETALI E TUTTA III LITRO ; bh ey «Sh vee bets DAE EA Ada de bey met 
" n A Y" p UIR hd "XS Ma [I SR ETRO da di A EA NELDA Y LOT AA Prk EA AS É ET dl a > AAA o is 
E B Luo p M e BuU We ee eC r^ Ar iu eas A CI ni DINA ACR eat se oa ri SEA ir A TS pets a dor bi ann 
H n sie x MES m: “am tty ME A) RS A rf ai. La SE ARIS SI NT RA a, ua TT RE A xe SA a ML LENIN SER PUITS a ETE z d ne pera 
a - 2 " E e E 1 4 Ny wel ay 3 E E VE LIE E RA ate È Ci irta fece bri pia 
P x ER ra ara PIN AI 1 AN FIA A A ERE EY bre AT ae earn SCI = COP A iii LUE PENES : ` A L2 63 > . Zu. uod 
n i ^ Tdi. Huc ou K ES T NRA 20 "4 "^ E r a sd VANS per viale on AR dire i E n A ye AR A: GA ARIN PA AA ET ir ‘ a A Re 
- a " vou $ LE PP er PAP A Ads ETE Y ^ * 3 md ^s, DP vo AM a a E et FIDI NA 7 4 ao Asd Pr ree 
L da A N E H HA IAN NUN T CA I Ds AS RR SE I , ¿UA AR Al e A qn H » Pro hen ng Ph to A > md A de eo md iI 
E » o 3 " " s e“ H A và LUE S. NEC E n JU WEE LEES * "E ee DAL EL A A INIT Arr IFEMA È tee Te erica A 
x ` ME] 1 *tha 7a, t RE M A nns LA IE TM tee E 7 pud A A Euren Y h STi bid 11 TC lag Pes ECC Een Or ^ s ION e A ite 
2s "AN SNL X0 sui pe e EL ERA ney ain, de DAS O EM SI E OCIO I A ¿A trata, ad pai 
s COE x “e. h m" ls LO a ie SRY A ^» AUS t. cA baa nA a E RARI rei A SA OA AA De da! AAA Dobe 2 
haa EI O: AE RE COGI RA AA T la A E EL Di [3v E ACD ER JE ^ y TR Ye VA CEI SOLO b AO e k Am tt A A ay TE ig 
D N " DR int Yt ih DE ‘Rema a ^ EN LA VOCE E T TA S" E ~ H ORDRE MO QA "E TA m4 MAL db ^ ERIN LLL NE LM A = A be baro Ra ML = - 9e. s 
E wa € Iu KORR NM CE RNC SRL DUI E oA Ah a kh > A CAI A a toes oe tek Gel oes NER ee E 
E Pan ear NP È qa da Du Mu E m bin gh yd arr Y A A oe 8 $i LUSTRO TE ee eee od, = : PA irri in la o A ¡€ o ds del 
E i : x Rider er ag O TS A a n° dela DERE n A SERRA ER TA ESAS A A ac e Aue i; m s af aha, e ure ipe A DAS DL ia LP, ees 
an . È E P O m ` E E AS d ULT ETE ee) NO, St ete A doo EA AER A : A e a È 
a Di PLAT > R ELE na AM DA Le OT Vd ERES deed ATE Ee ba do A E s aU T rs v bia OPE NN AA e DA keh ete rw A eco dd ^ Per de iun diti 
"AT ? à om y G Joc ur LRL O .. c RE S DE 2 s vi E A RGSS ‘wate ha “y nat nda "ON IP Md AY > ne ha M ^ P^. SA E maf y A R CE ed e ea POPE Us rt a IRA Aa tr 
è É M . "ru A S. D DL AUT REEE PLE HAE e ah DRM E PETE] des sa, cl "ertet SAPE O LO ONE 5 PRE es ATM La IO hi EA adi e bar =the pica do LE. 
o e. i : oe Ur È RE en | vacates d PE SOS NE NI na ae NA aa PORRE TO ht a È TI dy tn dom e e" he de Gera A Doha o A AS | find P MW Ls RN 
« O 5 ‘sae *t11XYX5 Ol L3 h zT O IA uL ier H dee a + RAR KEL TE SET a AE 4,976 T r1 FACE SA LE TERA Ra a P^ EVA do 
A . » É aa» By B awe La E STE USER MAE A ANTENA n ^ni S eS amt A CL Pod dp WR MA tee A Aa CELERE te e ep Po to : 4 nt pç 
a TOO NERO LY, : AS LI T RD i EA PR PORRO Ra de DR RAÇA DRA Ea er PA dar So CE VADE VORA PARE et i AY E ar ga DLE er ee De A toot Ne Y 
B E ET SR i Ve BURRO ; Aa Aah Dc RR CA PUC IA ANDES A ey, ts > ye 
e AO E ce $ IS O O : CCE TIO oe Ea D E E PS bellos AA RT TR qr Lipa X SE TOA CAR e gl A ão tdo 
LI E is * + ao ed = > a ILE NL I è us. s p ^ M EE ry Rad un MS >, P en teen era «I " È (ee e er Yan ru ce» n mi eger Lo edd i A Ay Sete ap pes = 
ui icu . o. ENS COMI ae TIO SO a Pe agg n dla A e. Nr) PR da do DLE AI ERI rar Pn A Lolo hr NE dd Do hk A oh ay cs ree s Mo cw AX V. 
h š ea I sa E UE e E a EE rito EE JO NS d C A CIN os s LE Sr e SV UL CC SC eat AP arc mia of ST nem aah ae f toy AN A ee e te ad 
a a E D b~ 5 T P fs y H ^. j L^ S CaA - sd PR Ride Ap E AS E EN F. : xi bordi, o 
x sb E SA A fa CC gd A va > ERE EE “SM Ps a LISCA PATITI O AA A dy I TERE AR a Açao a E 
» A É EC Ea LE a Dic A 5 È e q st LIRE TV a EN A Lo Pe NOR aln, Vb 5 SA AA mito RL Cet ARA LR NUM Ph dea da dy pel tee a Nui dr 
hae ry . | " MN CUN E TE. d hot A SO p »A onto. | A Sed EA IEL Cock A . EEES ae ta a a 
g è E T ^ EET a à a Ad calata Ca " BoA: wl epi ie Ac n. sa a DI SE DESEEN dom tas A ed IET o LE" 2». bd ki lb e E i a 
Ae aC d TL È Va APRE vio es po AIR A g Aaien rnm bale WO oe exa s s He tor e n MALAM CLE PO CE! A A di A Ii ARE aon Aa A la 
H PD NL TERT. EA er. * 7X» d» wa. Şi 4 oe E x. H DUM TEN ^. n VADE E Ag PR A moa > Mr A: de A PRE UI VA RA E (RNA cs Neate a "e da dy RESI 
3 i : j es Sa L VET È cedro ERRO O tra Ze ET e A A A DA ah o rd lng ty b LUE TP Hic de ipse taii, Pala RA Doe 
. P d mw. i M DIEN LK: Es SES a? Pr E tn M A micis LE ETENIM Vn rou S eR) AR t "^ ba DIT E ete! (AS LAE ERES late Deir da vai og be A, da NO ‘Ta 
z 5 hi i d E PIN — = t sia "A Em po eee a fu RA 1 DIES indicas aaa a 4S5 dp nl POS is AESA CARA n P A A A rA bebado ES ke ARA eh) hb 7 
E * è " DELE um a > 2 EUN a E PE [is P ato >, La did POSH W wre Na: & m d y Ji AER Pd A ” NS 
e * TES e È . M n al q Miret fe SUUS 0$ 6 CY ATI: | od RE 3 Care A. d iaia TESTE LOI ^ a Pre tato wre x cate Py & ; 
* `s » A * à » PROT n LA tak AI ^ #e gh, 3 " LEAR, DO DE, É PRE e A e CITI, Nar at Loa Ch e fe E cs e ed a NASA oy 
E D J A 3 se a Sis POA rol Ma yr E AA AA tn Rei ie RT N ar 
E A cw ra Dp y i: - EN tre r IN NOLO TA WM a Y MN MO te as EE or oae NIE PTT LIE EN bs pi hd bi iban io et k E rs at]; 
LE" PEORES. CI OA IT E RICCO rlw eu S JH ER? PRIA A AO ROTA EA i EA a NA 5 A I 
L A DI at } y E UTI SI AI CET TOA "a P» s P $5 PEL RE TA eek Panaro ad LL. tel. > NOE: A ar ¡a o pit) SL ERI, em a aa A e 
. IO a ` belt » 3 è uw a DIS E Tebe A E AE Ds DL; LE EL RP AA Pc e Gobel > uw a ERA v- aT A Linda M led 
È : A o STO 1 CE o Y Mu Wwe nt ede row CE E ict fato do ra e ide. at A E A a i 
a Do PR Mott uet ales UPC C PATER] E LANE NS AMA NC laid i Arie UR AS ie | iss DOE EN Ri de E ¡RELE 4 LTT 
A Ld " E de bi! D f LE A Tees ` Ya A EET RT Xs mv E EA. rv di HHE o Suar? co ARANA y. ae ri ta ri 
EA d Us cr, NASA EON Ku kd dioec Een Note SORTA aa ide a dr St a oet Lo} vane EE d e 
L Ls LE CTA AA md ee N FS oan aq EA XS è A A ds e Oe tria Hide fe GA di 
Via a q dy b I SEE EOS y uA SE th 7 ge rigs, bet m dut N75, E y {o pe PAK do Pcr ipe PERLE 8 pi = ape: 
om 2E RRL Va a MMI RITA AIA RAE, LI e ZE AX. 
y : I E n “d E Pira sa nea IE 7 * H ia z5 Y rey bi ia Lac £) Wee EA S EA Ce, ge a “y Sitio E 
* " Pe ; A a Po ero E Sth, A É EN TER i Ed pe e av FL n AAA nities ' lan i. 
* A i td ^34 DN t i 3; d me : tu" Bed k DI 5 ew UA LP b 
i hi aare Me Sa teli ban a A m ISTE un rcs be. 330 Ses Me | a; ea 39 ^ T y < DER nl 
B ai a "EET “Ky n E H ^S, "ume a z dm to E À DE SAP TELA 
» r E POP > iy B L t RA m rosa E n uL DP Ar’ ia i SIN MA ASA er: Dial ie ¿un | P E ea. eu - : 
e LRL E Mer A A N PU A PA A tae n A ALI E 2 rig, PARA) REST Agna A e 
uif i "RM Se bo LLL" iR yo em AR AO À DA Rr P T dics bue o viela A p ter MIX". M». E A EU EA ch 
ML Ea A bs a Ae ty, es RUM: Ri E ERAS Ie a i Ph RR M AP E rat 3 é de da b RA E * <A 5 
A e M E IR URLA CRETE ARD v Uo PN a S AE, NE ERES SU A e A Wen Er xv I ME A E 
AP e »N LA D SN "P B i WC 2 PE. . A e A A é + ER 2... Su oti d cO as /& RT af a $e 3 5 
à + - td MAN ee z Mto Y PSP LS e. PA O EA Eh A CIL REN VY wa z ed dE ms 
LI A » 8 244 = a Why a O y M P. Trend (RARO a* a » (os re po nto feds ay 
E È . ` Cun d LS ER hoc Cart dy pt PRÉ DN IES hes 
. . » E ta PU A MEC E 2 5° "at s a i 
Bv Mast pr CREE CHE t NI “e Sd pa eN P 
E TOL n r n " *s afterall at EY D p LU ogre Shy 
st "5 SS 10,46 MET ciu "vot r ae PALI » F T J 
EI ve a, É 0 T Lt o AA : S M ae rod DI > 
LIS ic sa * AGA 5. + rx. . > % RSA x Edd TRO ees 
m" E 2 E s SR LEM" MEE VI A n DE bs F > a e qu PUTET = y tyè cai ap, MI T 
= a E od a Pd f MO EC 1 X. A 4 ne ata. sr Ey Mrs. = 
a (a LU HER ste Age E RAR MEER COL Rene 
Um E LI v bi > " Ld 4 
i COL: Es A E Mia TR vv ad PC TR x dri i e tm + lide. 
" . ^f. UL A x È ^ Fi xe des q n Rd E s 
E - RA È EIN À ae 
Li E P cd ER E DIO 
- p TAN ej nS 
z bi a ia ia IL x Fa wv," d ; c Li 
q "E: DOR E g *. sa] È > 
x y 2. AA P z 
i t ndis A = CALA © È E boi e Ro q 
dao a? E a E: Pa gra O A A Rik 
pers Pos t DLE RS als : wi AZ N A na ql a 
] A UE: ON E Lf a - sie n 
P LÀ =a g LE x E Lum ^s E E 
P fs zi . EET i A 2s Fa De EN A D ni eg p r1 
S n DEP rs 2 dm LOC A LIDO HA 
e AA JO V és x e 
5 y : E Lun E. Fu mer DI biis "nm A x 4 
x q E LI ND es PS È gr 24 
LER p I : 
l PNG Mes ECL E IA CTS. Do ub ea È x 
E "NC E ea i m E EN LO Le <a 
DIP ALTE an = X CUÁN y A Pee er PR 5 É: 4 
7 en a LL Te) O ae EDO PA EC X ^^ x uu 
A Je. ONDE I 5 a. A: E S 
re sve Na È ZU uS Eae NER ; 
E E 2 t- "La 
i OU bh y? ne De Sg. 
, g . . he, D M AU en px 
va S MA > PR Eur" 
ANPR RETOS x 
p ATA week N em SEA SEA 
Uc 7 CORO A 
H v UAE x TA SC UD pie AEN I CIE 
eI R > AE I a PÁRA RL. q 1 
i SRI RT A i SARO La 
i Y E D wield E E *. wy. de 
t Digi. PL DS Ais AP PR t mrt y Sab 
y Ma voor: 4 p X EP REAd p JU 963 FILII E AM. wt c 
E uL" KA t CP T NA UU eT 
s x M vs Dos as Ao ERE ^ y 
HRS DA. Fu e 67", 
"E NLIS r udi ia? A ^ y v ve + 
E DU LE Lm A wu AF ot Ape aS bead 
q A MAIO S PP É d d T sd dE 
E AE ME call oe SARA 
È î gt a O AIRE TARTAS A pol. 
E lave os o A E: i "S PEE A n "BRE 
d E ISPIRA PH SC DL UE PA dota e got AAA et r4 d Ley d s + DIEM f^ Pay AX IM s ess 
.on Li " DA) PEL SR Ca MN D ITI y - ui má y 4 P HG Rs DR pi EE ae al ME e ely y E aa AA 
5 i A LE, A HE Po ops Ro pod: 
š E SELLE Cd dro R DAP NND pus et gen Mm Four sid ded A nce D dr 
id LEE LAE TT EIN NO) Mig Em pg Pus DS e pArA ee tas c Dd SIA 
EE LE ELO " s ELS NE o ero ada A e ee I PALIO OX E Pii i 
" 23 " PD gp a e LC D O PPP Aa > We y q TAR ba 3 pet > T2 PA r x 
5 ' i o i ét MAE M Em vetas. AA TE ^ A RSA 
DC ns Lo oo» DC E e aud MT E wis e ei e DP E gama ex LR DA - TY a 
i de NE Moe È 4 oed EE re Sa LP A Lr Spa ES Y ote. re Used MUS UN e 
pA Là E ER AP O E IS o é DOAR ) TERA AP A heat T TE e EPF EPET eed E 3 Pd s. prs 
i é e REE, ile TA A AOL A LE uy > à js E i Ee dry iv ILU IP ne "e y mui o har me f. 
5 " Pa or 4 E ri ol OA g Pau DI di NA de "23 + 1,3 asa tl Rs ? 1 LC RNA TL A FT A TN ee: ay von AG T erp m Pg e 
é sé š aes as x" I a 2 i É É us i E y i f " © z Jet abr eig D eM T LH I LES Peg d qug dor m da ey E i dul E Ra EA TES = D rii e P deii la 
EL ‘ N a i E 2 2 Aran ter A N Dt E Gear A SE : Y a Pa, RIE d Ar a LS L His VERA E W BS ste f 
i ERE p EIE UO UM" : CODE MPO dE a FS yo P V UEM d STA eC ATE sed E Pei parece Ste eee Bor food eta rrr. ei. "OE Pr he xa Ss: 
A i A ms JT. >y CO NA oy LEALI RAIN (ers Le e ea O REESI AP leat dpe ME palin ooa s me uo a 
E C td as 2 4 2 LIU LUC EC TERN » Ee B " a Li ae i LT i 4 Md: , eus Lied a e da a JA EAT $8: vos ulcere Y Nye pere o up oe SEN A PIE 1 3074 328 AL LOL pet eS 
» . 4 ada P " e a LE H Ea "E STO ARE » 5 LO Pu Sage AI A ça” m La P vert TOP E P.e PR ec. G EEG S AA ae ca Hir teda e ER a PALM" AE EAA 
eof F " + r 3b ro " mE À LP n Ca ect tar PLI ^ » Det) d T Raters ae RY, Poe e mata E. di ATLAS pa: P ae FAL Pj Pe bus gel ad d E pda si & E Perera PARA. 
i D + J A 4 MEN A E LET im di NUT da" A ME vico a AAA P e At Pa DAR IS ees UA A RA Ee SE Delt | LE 19 
a Sh A AO Es PRP are e ree a PUB s a + Lac A Y Jar "ur xr £A A VATI UNE gi ; RI ED Pires ER: ed tal ot ES RE RE: al 
Ln x c TS ro DICIS p A REDE Es » DEVE" Tn bth. cae rr d eee ie ay. X ue ne be ae EM PIPA AP ER Cota pa n "Prod Pr y e Ad Eme c A LAS fe cia ya egi 
E P LA O IC PA CUN IR ERRE A A OT ML OE O LEEA T LO) PEEL eee, ea glen EY eu du ESTAR a pl Lasa id a 
<. Cay ee a O DEN: NS ai aA AUR Fee E 4 Pare he d on I è. PRSE PR E n" Ru E TE A Gees Doe ie Mer ppd oxy’ T E RE E auem QE aee rop n a ii A Ln dira 
y ED. ed ego à whe pow un oir z ETUR E LS unc tir AT OS UD n Pd er A Usi AP ad Ub a na M E AT EE PP PT n mm MO sor lolita icd E | eae. 
o [C E È m LAE PI) fi. o Do o AMI sr. È Fa [ice CALI JE as fr Y TASA A, E CATE a "wed SP 
o ta Fat na d Ju E MES. LED. na id LOG CORTO uu Ts Mna P. MS ETC. Yu dd ^ Ju iP E 17 AE wd 9 CA I Dd a aes ug. ERE IES. Lf A Rs a otal (A 
o a LC, Do Qo C IONICO, LMR A 24 pw te SIUSI fa (De ERETTE O a ay eG Bl te ee RF Nees Ng EE ES A ` APRA A f w ER ia a 
E z2 d 200) LE IPC os ren LLLI e COMICA ra orm eer RALE Ut ce ^J A AN en SC APP RSS AL iy ola 29 UNAS pas rp 
j PE CR i e qu Yu dv ELE MN UU EM Lc E E UE MEC Y MOS TD Pda did teni d dia e SERES PE A Be a SA DA a 
. « OC tros H ) " " m 35329.) A TE A MATA) ree oy Raed PRSE NEP E CE ye Hl3y e AE Lad er Pete Foa Lie fuse da Se 
"m " PAPE: . " t, A Li t UN coru DLE M O i DES EPIS LA Wwe 1 TP ERR AN ied DR A LACE eps EPA Ord daro aa. pm E 3 : 
.. a " g LI LIRE . y s EP LUPO A AN E A AS CA Mh dS T 1 we np S uad" DEED T aM RD Sa PESO fr HEN 7 ma SA A CA en fee or pe 
Ce En . p [2x «as CL) 5) do». | "n a Wet die eae IP E A va: Pu af ES TOC AA AA CA nd y c dig. L ATLAS ee uet nera a = a rat: Ws a 
F "P" d PEDE. nm. ge el 2 Ee PRL T EOD E DETTO ER E EC UP LP CEPI eau a DE LA Aa ES LLL A m ze a AA I el ie Pers gy wn eo y. iet sini Jes oon Pd a 
a “+ e P " € è he P % , A PiN A 3 POS & FISSA BA À DETE EIEE a 1 le LOC CEDE Papin de "rf D tal poil iri £4 E v S 
" UNE LE VPE wo) COT Tur E eo avi LO a ai BAS ary 202s we dary, Pe a Te Soe Pon oe É AS E d Cale dI ti E tatti 
TA Cr ose Pari ne » e de o Lu a E 3 `y a steed Id OP MET MA DEA e LEE ICI e E td iab ILE EA Y e giuro 
125 A * es Li E E " e y rs LEO] Y Pa Mae P P + UL: Led : T DEN q herd Xe ^ AFERA: ad led è HQ t. SE 6 FRE “ È RL Tr dd a pre 
j se EE P vc cde dE a M e x “dy a DICO, PS E mo S oe agg da RA PET API A AA AIN Pal gii A, odere LT d LAC edita Fe: [cape Rs 
ó se È k ote - x Fab, x ees : È , 
2 d A sre ARE ECCO ts EET P mu STAGE OI OE T DU DN ay LU E des AC due Ea. r^ ‘Noy Miri atu ER are gre Ie Rigi A ei lg la pé ARS 
sa E E DPS OR E P E GLAM o A E A A SUL O PA AS A A O RAS PI IP i ded ED AR Ped OA ME A eae AS rst IAS E 
È "ME O UA m pro A DUE. Mar ll 4 1 A I PET o A. ni Pare Byez CENAS NENE IATE dp A DI DE Aus ano UO ES RE Zu d Ms 
i o i y i DI 2 j ri ^s d $ g EM y i o / T z : Ci u E é: iv 7 a ARA het LLL AE TII ve EM H ore 2. RR dae PAS ESPE ANNE AA PUT C sal CO ARE A a 
Du Die di M RE i L AO UC d UU A LULA PE THAI E at ESA i hat Mirari dt Lello Lala E a tag de CA id 
r É Lae JR, e a one EN AA r go pedro AA fera o CAE ANDE, LAC WS PI a Ia Ie BOO RE OW ey AND si wor Là, OC Ai A leo dO S PAL Pag rd ero e Si pa de o. Tm. 
m o CO > e E ees E ss zn) IEA SE TEE ET m A repo d eu E. AA M ELTE Motu ^ d pie pa E TOE PS ERED OR EST a > pd E nn. LES 
Los n , M" eU Fs IS DA A LI ARO, DIS EA AR TOO d Sd Yao, ae. va e Mr OR PV e e om dia qu) AL ETPP Be fidi a COR en Pag ele ¿cpu 
dp os n p holani a A a a sa 7 nee) OL O PN VIALI det, TES EA PET AA 3. vs ah n SC ERP jara v LL IS "e EAS ES o, ep fs Is bh mr CER P fra E 
e” TE p" we E "v ERN d E T duc 9% LP UTE DPF TRIP TP EP E Ff aen D "edu Rep Pigi Fd i AL E Li SA ante Wi e p. o ego seal M am E e 
©. A » ' UU ECOLE PT Tow Jj EP a RS 4 “pio pra des s 
i E e aora Cervo O ra AO O Ye e HUP Ay 6 PSO de Tres, ears CI PT PHP e ThA de Sr wy woe SA FICA SUC Mot E a ail a Le 
i Da esM a e if e sli E d SR Tee LER PU Pu. PIA RI IE TE Sai PIA CASA e PA ds a as e pr o A 
pu oa SA ao UE x iis É E DO AC A A, LULA PUER £a POCO dd FU ED E ARA Ee A AS IONI e y rene gara ae Vease UN gags ERE RAR aa $0 t 
E "ra HA SURANO AN) 5 a 6 tia pi f ISLA LUNE II ROTA Yy BATATA E O e at j UO DILE E ho a Lars aad ead rar Pees 
g NI LI g d E e 4: D "P m rar P P ap L AAN ET IA E A DA Mery. vs i (7 <a e on Foe was Tore mn t Exi ele A TI "4. sr) poping 3 e 
d X FERE ue IGOR k "ur En DNA AO dT EAE GE TIA A A CI E Rada fun bon ccu. ra pd rd III EE A Bete TO entrati ha 
$ È > È DN SOLA d p Vies cnr pian ah atii p) a aper] z 
E es 1 OO Es diia TRA EM gri Ere AE INES Dia un oe Ue NP VU CIL TT A Ter DOO ME uides Padus A ri d Eb s PD RAEM A L 
E P È E a” Ze de y a È F DLE" eur FP IA CEA | Zu LAP) A] oa rop bang y 9g A IS a n E E one MA I: LA dud A O e MORE Rog cae qu _ 
RATE ESC eo.» d CE CEE NS ¿a t e y? EA. pon eas any uote a re e$ d Y Mee M d diis AAA iid ALL Lo delat ALL viv 5 
1 i p F 1 da > E a m n E a g aL r 
ENS DR ero. . .. A r AES Sd our ree ie ae Dm reas tin *,H gms 6 > "o UTMES Aag faa by ESA AÇO Ed LI fy, E] hee ELA AA cis M ated E Pd PPP ha prot 
PEE s FLAG CIC OT MCN. ESAS pe CS O ai PE: IN PEA ARI a PIE ir po yy Ads fas ELA 
i 5 ae 2 MEA Ù S RU LUCIUS f 3 5 ,w-Tf E TL eri A T d i d PP UC Port Ld Pax ena eins eae tak os k e^ .* sa eto gm a om 
di é i DE P M ED: pat i RR SOON ORE ASR Don PR d P det d DL LP CCP EPI DA JL LOUPE rpm TP M phum pm aa qe REP rhet eph Lyn 
2" eag, MI E D ae ae) 2 er eer « ' n ug Mie PEDE CRE CAE E w 3 9$ P abe Ca y P wu: Pur. TC TETTE d Po Led da tr ee + 
» è AI EA d CU, LIA, E OE DA Po. P. CRAL EA E He a AE A A DIS edge shal cae ne 
»os A M 2. a a E Pa 15 aay JA n" TAFET dum 274 esi Boas go E P Ji op AT ARA FA R Re PRECEPIT K yendo = pr 
i i | A "oer A ru DEP E rm A ed OA EA un A ACI OP idea Tur 
E AM je d PILAR La er i rd LT MORTE IE NK NT EY J y re C e D Y I quomo ut ENTM wwy p» 9 qo; pe n > Ne O i)» 4r fr áo no p | NA DTT A gue e " dica MP ae 
A T ra " "n" St g LAE ORE , 5, A "X bof s n! [ m 3 alte ERRAR E ae re, Ri FAN RITA . F EAS T n Las y rer. nme. epi 
D ee es E LED ll Ae M Suo OUR PRECOR A MAC MORSI M ove TL DE CENE NARUTO CUI RAISI ^ a aa croi im ar ar ih 
P LI VHS WEE Y > f ra «uv E A P, D M LAM NEPOTES A PDA A AA ATA feto o EMT Re, L > PEDE Zn È E 
ros G a D se P DTE PUE De IG "*- a^ tey wa» roa "wx $3, AS LA A 5 TL Le E 21° ^ PO EEE qu APR er a ai 
LE e [28.17 re g br F E JA PLE NT PRI fi fe P RARAS A iS ead SR PE A MPA: em o DESC dog dad un x "f pi 
a " E + xd [LP A LIAE WP 4 % e, SR CO EI JOUET AI CARA iz CN ss Per: der LIU Los ' da PP re »" A ao el 
= rs r 4 Sos» "n EI D Di TOMUS T ATA a P er n Eris aan Pee i di è MISA RIT LEGT LE ae E CATO FR OM) prt a h 7 ia 1% ve anden dea. A T gia E 
ta CLI LI REN CI vrs + RAD E ME EET LULA: uL RUD XP PC PETS Ü ESA NA ee P Wir hi org 
O g de Bai E LOS P ORO p FP so wa) pat a AR Pa ET LE y. Vo Cui bis AAN A EAN YA EOM AP | LAS ko cu dg. doy xg te rig E res EN AP o q Ep 
H E » Li [ELM E do EL t sg LOSE DE CA IIC ES b COCA ono AREA PATCR j^ S, Ur, i s PPP Pa a 5 4 doe É- Ese PF fe 
, RS ne "E SLE LOL O x v. i any E Py AAN c ues du He nuu IRE CAR AA - MP on “Unida dep "TE" dos to des y Fo ms ed ges cub ur cium ERA e COSE EA re pm MA e È 
PIO ‘ rd É ae LIP T ne RC CUAL, Fun 00 A E PST rU rds CCIAA ATA hi e v SAPORI AAA E A ata Kae opa FUSE ^e P tm E oe 
E f e A c VLLL TES d RA A LORI fs CALORE TEL UR RA id Ù or UOCE a E po eiu il A e AA DT É Sep. ve TM bal dd ann 
P L4 4 pete tir a "a a ae + :Ju TTA CRE: Vat HL pu EA si RA `y A LET n [A A dn PN VEGLIE TTI Porp k a "el Prev pg EI io; 
" È Les ELIO OT, A IN EUT An au hn A E JE Lis Pee ele a LUE LM È PEAN Ne LL PTATEM VY e p A A on WAY ot Ret P vii Seat Es 
, ^ ou PIECE eu VIUA DE MI TIENE iA AA IE AMAR E AA Hedge aer. e Cre vias PIC Porc ot be DAD dee Ll Red WM aid Cai 
A E g ear A AS LIA " AA RA TM PER be FORI sare ee RA AS, i "wn bob US ei s aU PI q t E Fal, 
A TA aL O O aL DO Ad CAR SAE PERENE E Ua eee NR gO Ten Ne Sere 
"PP " * r yt IR ¢ 4. V^ PN Vo Marta Use LE CCP [ES TELES MIT N ICH E Pn È Ms gui e DER PEPE ADA. ELIAS A Dada ie pt 
I E O oats EU o OAR TOTAR ETER EA AA fe LE M Use A dant IEEE rats e A ei Dig Trio aT ot MIT 
i s ROLO OOC AO ADORA ‘niro o E AAA i RARA AORTA C to Poe ig eat an ped 
E e 5 i vl y D SAL AL, NAT NA NS ri A RE PR AOS DUE TIP AR SO A "n^ AOS ded, ALL AAT" M eto E a Eis e 
E A CLI " p Da AUR. LN e P LL Ub OAK ; 3 ^ kry RANA: y + EZIO use Sw DTT wm hI sy LÀ, ACES Derio PI a, ARO AA Re A f fats 
- x on M ] e 3 a ] SUD gu LAM ST Di A LAC re aad t PET ut arp LI 
LP n OB PCS VEU NO, A O PR ICI Te} ELA ACID OS A DA L AAA PI AIA AS BF ON 9 peg ya pips pers © PLOT EEE FD eae sigs pee 
> A O RE = IA È AA AOS T + Os ee ns n Ae AS Eine DAI POSATI 
" es Mey poy MORIN TAZO EPE ME LA i 1 ^" Rete; Py sh ee f MAA CERA AA MER AAA nd ^ud rem n te SRA 
ARR SUD LP E NES NE, AO AE A RT ARAS CASO ARA ASS AER OP PP renonce mn. be ee sio es 
de E m eM i elia e D EIA SM Le DMA RC) A A A A 2 fT DOCE f al de 
TD , A a E: Pad EUER CPP ULLA EE IO" B Ia nr gr AO no PISA 
i ao i SO E ALLEE X pousser LL ene id e A RO CUOIO Toda VANI TRA RI. ARA ARS pg e ato ta s 
PUO PE Lu POC u^ d d UMEN Cin CT A O A A OC PLC ETA AOS vol id e AER A ARTS A Serr ree 
E « A E ^ + È AS * LAUS RE M E DIC UL PP RE M $2 py Fr y dem» fees 
9 G a LI, DIO wol 2 " M ao ti AAA AA E Y A E UA MIS OEA - $ OT TR Le do d SS AARÓN rel Pp Aé i 
5 j DAT E A A ey VA RAMO EO UL PELLE CP MIS f + PENA, DOLO DELI RP FP ae. mu A A EPICA GA re 
CAI £ t 1 seig fe [ CA dm! d To ad, PAY LU MPLP. * 94594 Vi Wp yp oh es è MAAG +» n neo" AA ¡FAN E X rs Za 
A E P ADA E" A 4 È ARCA III n E ETE TE ue AP e És ^ 5 A SS ER np ER e fria lat e e e, rmm 
; à rue AL EX O, VA POT e ea Ho A (a DE IESE IEEE e Wd t^ SARL LS S 9 ew ) es o p ey P A pe eee 
se £1 A IURE UM DÀ O A E TA EA A AA ee ERA ^ LARGEST Pee eg PARA A A A o. Le CUELA LA 5. PILE 
i didt i E y PS Ù yo as ¡OA OT PERI "doh AAA nti Se 4 HOS Vy y ra EA E OT TP ESA DLE SAPREI UR Pp bo verrò 
h AS eI D Edu A Pen T AAT TES ATE % COTA AA A cy d PAGE EM Ere Py Lidi ili iL 
5 a’ os " IAS D } AN TI eS E; A ty RA AN ET ERST POE MET NO NT E IAS EI Y fed r4 Jn ERA re Ps wey 
y E E E E a ma ‘qt r * 4 E AA A IRA O Aa Tie Cs we ope, sf ATE AS D o A eT aes Spy i 
A TT p hk SNO Did $. 8 m LOL] ER PA O ha q UTI Ure ye ey INA NAS APA] CASSE MPI y H CRICETI) Pw ew ee $T a 
.. g N H LR 1 t Woe o "6 4i dor ak LOL. x MI A ie) n ORAS E E Pg CEA AES i. > pata re Pepsi 
i mere ie. re SU E atk oe T AS RAR SIA RIO M DT RC ESA AP NA fs X Le SIMI ARA es ey 
> k P Oro VEA OL Edge aor ES AR GR ARO ET E body fb DAZ E JP gogo agn NARA ret 
LEE “7 11? Ab f Pag t uL POPE SCC P MACRO ET LIPPE DS ELLA A El 
= an N » 5 “ S : LIT T et, san 4 EU A ren A M + A PR dA 2 n Sen Pu EA. DA RES! e " er for EN P LU NOU LP egit. rd ec MS pente ts RA eed EPI 
i ý j Rai , j À ARAS SS O RA y 1 PF I E x MAIS NOn M j ls 
o sco XN E ZIE PAR ER RO N A 2 UK RT en EH ey ; yof qs Jae P rgof cm qué prb ML rri ara a of of 
è r 7 ED do SE DE ERA ir I r "n COO " mp x CRIT Me A A AAA AMEN CAIO pd A EI - ov 
i ue Met Wu AA UA f E IE AO DA AAA Pos ab dia id f oL Ta tia | 
" r . n ' = às ^ 2 eze rr e A aie n 4 a. AA Gis iis iem VO pew eyo. é - pres E 2^ Petit 
"m é A A L Td " . O TACA TSE CNY AIR | ROP? my AA A erros A 
£ CIA , + 4,¢ ¥ E i. EA nr, 53995; u fia A TOSO NIPDCUM d LI SIA NM 7 Ary PANA : a 4 
g ` EE A ag. A 3 i x y EG MA VT SPU da 
P .. $ P De seu ty p + tf 1,9 SUR de Ci 3^ A . OBS E MIS 4 piod DAP LT AY PR de RA ee É Pré» plat ed FEFE ESA LITE NA ae 
JE , E e ? E E n T E PE: AMI A yO pr hoy sp f a a 4 Freed Ba e CIE A TOS Pp Pra PE fria 
? ep eb 2 e y ret g "n Y t aW DOE ie AP roe C AE CONSUL E PAD EN vr. 
rt QUU DN T vis "wmm y ¿SN ON PIS ARA OR E RA E^ “me da 2 
" ES ‘ 2 Sh LI d E II Lu i CRE "n L^ tl We "ES KI en A a E De MITA 
ae i $ Lá no "EI 7 * Ade Y h 485. z 
" L] r ts S E 4 m a * a Po * 






DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 93943 








NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





PRESS TO 


AIR DEFENSE 
CONCERTS AND EFFECTIVENESS 


by 


Jerry Michael Jones 
December 1984 


mess Advisor: 





Approved for public release; distribution unlimited 


1222827 





_———_———_—_—__—-_—_—_—-—_—__—__——— Ò —_——@m6 M o eeu ec a ças a ie RR 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


READ INSTRUCTIONS | 
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 
1. REPORT NUMBER 3. RECIPIENT'S CATALOG NUMBER 


4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOO COVEREO 


Air Defense Concepts and Effectiveness Master's Thesis 
December 1984 


6. PERFORMING ORG. REPORT NUMBER 



















7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a) 


Jerry Michael Jones 





10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 


12. REPORT DATE 
13 . NUMBER OF PAGES 


15. SECURITY CLASS. (of thla report) 


15e. DECLASSIFICATION/ DOWNGRADING i 
SCMEDULE 





9. PERFORMING ORGANIZATION NAME AND ADDRESS 











Naval Postgraduate School 
Monterey, California 93943 












tt. CONTROLLING OFFICE NAME ANO AOORESS 


Naval Postgraduate School 
Monterey, California 93943 


MONITORING AGENCY NAME @ AODORESS(If different from Controlling Office) 













14. 





16. OISTRIBUTION STATEMENT (of thls Report) 


Approved for public release, distribution unlimited 


> 


17. DISTRIBUTION STATEMENT (of the abstract entered in Bfock 20, If different from Report) 


t8. SUPPLEMENTARY NOTES 


19. KEY WOROS (Continue on reverse salde if necessary and Identity by block number) 
Air defense, Fuze, Lethality, Missile guidance, Ordnance, 


Warheads, Weapon systems 


20. ABSTRACT (Continue on reverse side If necessary and identify by bfock number) 
his thesis is intended to become a portion of the textbook to be 


utilized in the course entitled "Warheads and Lethality" (AE3705). 
The text will include an unclassified discussion of the develop- 
ment of anti-aircraft weapon systems intended for defense against 
Res le manned aircraft and guided missiles. In particular, this 
thesis discusses the basic concepts, some history, the termin- 
ology, and the damage producing aspects of the generic air defense 


System. 


DD dl; 1473 EDITION OF ! NOV 65 IS OBSOLETE 


“NA DA l SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


Approved for public release; distribution is unlimited. 


Air Defense | 
Concepts and Effectiveness 


by 


Jerry M. Jones 
Lieutenant, United States Navy 
B.S., North Carolina State University, 1977 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN ENGINEERING SCIENCE 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1984 


ABSTRACT 


This thesis is intended to become a portion of the textbook 
pore utilized in the course entitled "Warheads and 
Letnality" (AE-3705). The text wili include an unclassified 
discussion of the development Ər anti aircraft weapon 
Systems intended for defense against hostile manned aircraft 
and guided missiles. In particuiar, this thesis discusses 
the basic concepts, some history, the terminology, and the 


damage producing aspects of the generic air defense system. 


TABLE QESCENTENTS 


To INTRODUCTION . e = -E . cee 
A. WHAT IS AIR DEFENSE mE: C eee 

B. HISPORICAL PERSPECITIED ee 

i. Early Years DR «ce 

2. World War PME. 21 1 C 

Je World War II rn 

4. - PreseptDay v4.2 n 

C. "AIR DEFENSE. TEX INO ECs Ya GE NM 


1. Weapon Types =. "s. 
Ze PLE Lage? a cies se os eee x 
3. Weapon Propagators = M c 
E. IHE DIG PICTURE T e 
LT OPERATIONS AND LEI a ee 
A. INHERENT OPERATIONAL CAPABTFTOMRNT ES 
to Search and' Detection. an 
2» Track and Evaluation k i o 

3. "Fire Control Acgauisitionmanrdmirack 
4, Launch bring. _ see c.c 
5. Trajectory and Guidance . . . 
6- Final Evalvation "1 
DL ENVIEONMENTAL OPERATIONAL FACTORS 
Te Mobility æn =. eee 


WEAPON CHARACTIERISLIC Ra: 


2. LocationalAdaptabi qM NM 


3, Weather Capability ne 


PIT. ORDNANCE PACKAGE AND DAMAGE MECHANISMS 


Ae 


DAHAGE MECHANISHS DS o 


O N N -J q 


11 
15 
15 
19 
20 
23 


27 
Za 
27 
39 
31 
36 
40 
59 
55 
39 
56 
56 


58 
58 


1. Definitions 


2. Types cf Damage Vechanisas 


B. FUZING . . .. 
CONENASHEADS + . + 


1. Penetrator Warheads 


2.  Hign Explosive (HE) 


EMB TOGRAPAY >. « + è « « 


REAL DISTRIBUTION LIST 


Warheads 


58 
DI 
6 8 
70 
71 
71 


81 


82 


1.4 
lo 5 
iso 
ley 
ls 
2:1 
20 
2s 
2.ü 
2519 


w IN N N IN 
0 e 0 e 0 
-J 0 


Ww w GU w WwW WwW) 
0 0 
=m Cr UN E UU ^N si io COO 


LIST OF FIGURES 


Air Defense Topical Fred TE 5 


System Response Topical Field . 


Connection Between the Air Defense Topical 


Flelds S. DC TM 


À Comparison o£ Example Terns . 
Weapon Types . +. . è - « o o œ 
Typical AP=U projectilenm 
HE-T Pro jechile A 
Typical Missile Cont rgurationk: 
Operations Plov Chart 2. RR 
Evaluation and Engagement Flowc 
Typical Missile Envelope . . . 
Cconmhand Guidance wee) a a 
Beam-rider Sinyle Beam Guidance 
Beam-rider Dual Beam Guidance . 
Types of Homing Guidance .. . 
Retransmission (TVH) Guidance . 
Missile Trajecteries Ns o 
Petalling Damage (A. 
Hydraulic kam : To 
Typical Pressure Wave . . . . . 
Controlled Fragment Warheads . 
Continuous Rod Warhead . . . . 
The Expanding Reds an: 


Typical Shaped Charge Warhead . 


ie 
14 


16 
17 
18 
2 
22 
23 
Ze 
32 
38 
43 
45 
4 6 
4 8 
50 
S3 
60 
62 
67 
74 
77 
78 
793 


I. INTRCDUCTION 


OMMI BAT IS ALR DEFENSE? 


Auredgefense is the attempt to destroy hostile missiles 
and aircraft or to reduce their effectiveness prior to the 
completion of their designed mission. The primary purpose 
of air defense is tc provide protection for the surface 
forces. These forces may consist of supply carriers, amphib- 
lous units, or vessels deployed for submarine detection or 
Gener military or connercial function. The air defense 
System must either deny the enemy accurate targeting infor- 
nation on any high value units  (HVU), cause the enemy to 
expend resources in crder to gain the targeting information, 
or destroy the enemy prior to their arriving at their 
maximum weapon release range. These goals can be accom- 
plisned through the use of Ilcng-range shipboard weapons, 
inciuding the guns and misSiles of sea-based aircraft, of 
long-range, land-based weapons and aircraft, of short-range, 
self defense (close-in) weapon systems, of deception tech- 


hiques, and of evasive tactics. 


Be HISTORICAL PERSPECTIVE 
1. Early Years 


Air defense has developed through the years propor- 
tonal to the need to counter the current air threat. The 
earliest forms of air threats were hot air balloons. In the 
Civ ea, hot air balloons were utilized for gathering 
intelligence on enemy locations and maneuvers. This practice 
was not particularly appealing because of the high vulner- 


ability of the balloons to anti-aircraft fire. The Navy, on 


the other hand, was attracted to this concept in warfare by 
the possible sea reconnaissance capabilities and the endur- 
ance of the balloons. By 1870, balloons were being used to 
Carry messages and as a means of transporting personnel rron 
besieged encampments. 

In 1899, the British experimented with man-liíting 
kites for early warning and intelligence gathering, but with 
very little success. in the later part of the seventeenth 
century, a Frenchnan, Francesco de Lana introduced the idea 
of using an aircraft as a weapon. He proposed that one could 
drop hot pieces of iron on ships, houses,  fortresses, and 
troops with little danger being presented to the aircraft. 
The idea was rejected as being an unethical means of 
conducting warfare. In 1903, the Wright brothers developed 
the first power driven biplane that was equipped for 
controllable flight. With this invention, machine waríare in 


the air began to take on a new dimension. 
2. Worid War I 


Initially, airplanes and balloons were used in WWI 
to spot the fall of artillery and for reconnaissance. These 
aircraft carried no armament and their only measure of self 
defense rested in their distance from the enemy. 

Germany was the first country to utilize aircrart 
with machine guns for war purposes, and she introduced 
zeppelins in her raids on England. The bombing attacks were 
not very successful at the beginning duc Sve poor accua" 
consequently not much interest for air defense was gener- 
ated. These early aircraft attacks were generally concen- 
trated on war production areas such as ammunition factories, 
railways, and bridges rather than on weapon carrying plat- 
forms such as ships and armies. The war philosophy and 
policy at this time attributed to the lack of the develop- 


ment of weapon systems to counter the air threat. 
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After WWI a greater awareness of the vulnerability 
of surface units and the population centers to air attack 
was realized. The U.S. Navy ccnducted experiments to study 
the feasibility of aircraft attacking Ships with bombs and 
torpedoes. Worldwide philosophy gradually changed to one of 
acceptance of attacking vital enemy centers as a means of 
quickly attaining victory. Aircraft could allow an increased 
measure of security by attacking the enemy's ships and 
armies while yet far away from their objective, and could be 
utilized to support armies in overland fighting. 

Worid War II saw numercus advances in air weapons 
and consequently in air defense strategies to counter these 
weapons. Germany initialized the "Modern Warfare" by bombing 
Poland. The Allies became painfully aware of their vulner- 
ability to the German air raids and set out to deal with 
this new threat. Fighter aircraft were developed to attack 
the Lombers. Improved anti-aircraft guns were manufactured 
and strategies were introduced to confuse the enemy. 

The development of radar brought about a significant 
Change in air defense. Aircraft were more easily detected 
and at greater ranges than with prior optical instruments. 
Later, anti-aircraft guns were developed that were siaved to 
the radars, which provided mcre accurate aiming of the 
weapons. Airborne radar also brought about improved naviga- 
tion for the aircraft and more accurate target identifica- 
tion. One navigation radar development worthy of note was 
"OBOE", which consisted of twc ground based radar systems 
that provided position information to the attacking aircraft 
and resulted in more accurate tombinj. In this system, an 
alrcraft receiving the two separate radar signals could 
pinpoint its present location and then fly on a predeter- 


mined route to the intended target. The drawback of this 


system was that only cne aircraft could be guided at a time, 


and the system was range limited to the radar horizon. 


4. Present Day 


Because of the continuirg improvements in air attack 
and the introduction of missiles, air defense has become a 
field of intense development. Faster aircraft, longer range 
weapons, improved delivery capatilities, and advanced tech- 
nologies that allow the weapons and the weapon carrying 
platforms to travel with little probability of detection 
create severe obstacles for today's defense systems. 
Presented with these challenges, new advances have occured 
in early warning systens, and long range anti-air weaponry. 
Defensive close-in weapon systems that detect and destroy 
incoming missiles and aircraft without human intervention 
have been developed and sateilites are now employed for 
targeting and intelligence gathering. Improved electronic 
warfare techniques identify enemy electronic emissions, 
provide deceptive measures to ccnfuse the foe and denys the 
reception of electronic data by unauthorized forces. 

Air defense, in the United States today, is prima- 
rily patterned as a function cf competitiveness witn tne 
Soviet Union. Since WWII, the Soviet Union has engaged in 
tremendous efforts to widen her influence abroad, through 
the generation of a strong military posture. The Soviet 
Union's transformation into a global power in a political 
and military sense began under Khrushchev and has continued 
under Brezhnev and Kosygin, and its development is expected 
to continue in the decade to follow. 

Soviet policy involves creating a military power 
that can support a pclitical strategy of worldwide dinen- 
sion. Perhaps the only controlling factor in this policy is 
an acute awareness of the destructiveness involved in a 


nuclear conflict. Because of this concern, emphasis is 
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piaced on the development of a mobile and versatile conven- 
tonal force. This has been particularly evident in the 
development of the Soviet Navy. The present growth in Soviet 
Navai power is probably in response to the "loss of face" 
experienced in the Cutan Missile Crisis. 

Current Soviet policy appears to be one of poss- 
essing a better worldwide general-purpose naval capability. 
There has been a marked increase in sea based aviation plat- 
forms, helicopter carriers, and VSIOL carriers. The subma- 
Fine and surface force capabilities oí launching anti-ship 
missiles has dramatically improved. 

Indeed, the Soviet Union has increased its visi- 
bility around the world and is a serious competitor in mili- 
tary power. The West has been slow in perceiving these 
changes in Soviet strength, and as a result has lost the 
clear superiority it once took for granted. Air defense 
Systems must continue to improve to contain the new 
aerat ca rable Soviet Navy. These systens must be 
prepared to deal with numerous high speed missiles and 
aircraft,  weapon-carrying helicopters, modern electronic 
warfare devices, and the advances in weapon delivery 


techniques. 


C. AIR DEFENSE TERMINOLOGY 


In order to become proficient in air defense anaiysis 
and design, one must become familiar not only with the 
Specific threats, but also with the proper usage of generic 
terms and the various terminclogy concepts. The major 
subfields that comprise the air defense topical field are 
Shown in Fiyure 1.1. This topical field contains those 
subílelds which are used to describe the weapon characteris- 
tics, the operations and the lethality. Weapon characteris- 


tics refer to the type of weapon, such as anti-aircraft 
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Figure 1.1 Air Defense Topical Field 
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Petar Vem surztace-to-air missiles, the warhead descrip- 
tors, Such as ‘armor-piercìing or Shaped Charge, and the asso- 
ciated damage mechanisms, Such as blast or fragments. 
Operations refers to those inherent capabilities and envi- 
ronmental factors which relate to the ability of the defense 
Sor omeroumperltorm jts (basic firing/launch functions. For 
example, environmental factors include threat mobility, 
iocational adaptability, and weather capability. The firing 
and launch capabilities include slew rate, rate of io, AG 
intercept envelope.  Lethality refers to those factors which 
relate to tie fire ccntrol, trajectory, and terminal effects 
of the weapon in the process of directing, projecting, and 
activating damage mechanisms toward the target. Fire control 
factors consist of  itens such as aiming error, lead angle 
puc tun und tracking error. Trajectory factors include 
ballistic dispersion and gravity drop. The terminal effects 
parameters include projectile caliber, equivalent weight of 
INT, and fragnent density. 

The terms above do not reflect any interaction between 
the damage mechanisms and the taryet. The descriptors relate 
to to the inherent capabilities of the air defense system. 
The System Response topical field, Shown in Figure 1.2 
contains those terms which are used to describe the interac- 
tions of the damage mechanisms and the target, i.e., the 
damage processes. Damage processeS are phenomena such as 


pencran onan plast bloating. This field also contains the 


target lethality criteria, which define the conditional 
response of the target to the damage processes, and the 
response measures, which are quantitative measures of the 


interaction between the damage mechanisus and the target. 
The assessment of the lethality of an air defense system 

acena particular air target involves the combination of 

the air defense topical field and tne system response 


topical field. The connecticn between the air defense 
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Figure 1.2 System Response Topical Field 
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topical field and the systen response topical field is often 
difficult to grasp because of the misuse of many of the 
terms and concepts. The dotted line in Figure 1.3 connecting 
the damage mechanisms, the terminal effects parameters, and 
the damage processes subfields illustrates one of the more 
confusing connections. Figure 1.4 gives a comparison of 
example terms in these three subfields which in the past 
have been commonly, but erroneously, interchanged, with 


posusting ambrigulty. 


D. WEAPON CHARACTERISTICS 


The weapon characteristics of interest here are those 
descriptions that relate to the weapon type, the warhead 
type, and the damage mechanisas. The warhead type and 
damage mechanism characteristics will be covered in detail 
Chapter III. 


1. Weapon Types 


Weapon type denotes the generai classification o£ 
tne weapon element in terms cf firing platform and site 
type. In general, weapon elements can be grouped intc two 
types: terminal and non-terminal, as shown in Figure 1.5. 

Ihe non-terminal weapcns do not in themselves 
possess a capability to inflict damage. They are the eiec- 
tronic and/or optical systems used to support the termiral 
weapon elements. These elements normally consist of detec- 
ion Maiori Warning, target tracking,electronic counter- 
measure (ECCM), fire control, and communication systems. 
They can be land-,  sea-, or air-based and are normally an 
integrated part of the air defense's force. Their purpose is 
to supply target position, speed, and heading information to 


the terminal weapon units. 
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Terminal weapon elements have the capability to 
cause damage to the airborne target. They consist of the 


firing platform and the weapon propagator. 


PIX Platforms 


Terminal weapon platfcrms are dividei into four 
cateyories: guns, missile launchers, airborne interceptors, 


and directed energy devices. 
a. Gun 


A gun is a device, Ine udang any “Stock, 
Carriage, or attachment from which projectiles are propeiled 
by tne force of an explosive reaction. It includes weapons 
of various sizes ranging fron hand-held small arms to much 
larger transportable or statiorary anti-aircraft artillery 
(AAA). 


RC urrace-to-Airv'Mássile (SAM) Launch and Gui dance 


Equipment 


This surface platform is used to launch and 
guide SAM's to an intercept point. SAM launch and guidance 
equipment varies in size from a single hand-ield launch tube 
to a semi-permanent complex containing numerous compartments 
of equipment and launch units. The system may employ both 
Optical Cama radar target tracking in conjunction with 


special missile tracking and guidance computers. 
C. Airborne Interceptor(Al) 


This is a high perfcrmance, highly maneuverable 
alrcraft designeG to engage the aircraft and destroy alr 
targets. Weapon systems euployed by the airborne interceptor 
include air-to-air guns, missiles, and the associated equip- 


ment for identifying, tracking and firing the weapons. 
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d. Directed Energy Device 


Weapon systems which produce a beam of electro- 
magnetic radiation with intensity sufiiciert tope@anage ea 
target are called directed high energy weapons (DHEW). In 
addition to melting or thermally degrading portions of the 
target, these weapons may do more subtle damage by over- 
loading or blinding the various electromagnetic and optical 


sensors on tne target. 
3. Weapon Propagators 


Weapon propagators are divided into three catego- 


ries: projectiles, guided missiles, and radiation. 
a.  Projectiies 


A projectile is an cbject initially propelled by 
an applied exterior force and ccntinuing in motion by virtue 
of its own inertia, as a bullet, bomb, or shell. The term 
projectile is generally used to represent the device 
containing the warhead. This ¡propagator is usually associ- 
ated with small arms and AAA. 

Smali arms are guns that fire projectiles up to 
and including 14.5mm in diameter. The term small arms is 
generally used to dencte guns with calibers 7.62mm (30 cal), 
12.7mm (50 cal), and 14.5mm. These weapons usualiy employ 
visual or optical tracking and are fabricated in dit eran 
barrel configurations, usually cne to four. Most projectiles 
fired by these weapons are of the ball (B), armor-piercing 
(AP), or armor-piercing-incendiary (API) type, except for 
the 14.5mm machine gun which is also capable of firing a 
high explosive incendiary (HE-I) and an incendiary tracer 
(E projectile. Figure 1.6 shows a typical | NES 
projectile. 
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Figure 1.6 iypical AP-I Projectile 


AAA denotes that category of guns that fires 
projectiles greater than 20uu ir size. (The entire group of 
automatic weapons larger than 12.7mm is aiso referred to as 
anti-aircraft or AA guns). AAA iS generally standardized to 
calibers 23mm, 30mm, 37mm, >5/mm,85mm, and 100mm, although 
there are some types with caliters greater than 100mm. The 
projectiles are either high-explosive (HE) or armor-piercing 
(AP), and they may contain incendiary (I) and/or tracer (T) 
material. Figure 1.7 shows a 23am HE-T projectile. The guns 
that fire these projectiles may be land-, sea-, or air-based 
and may employ either optical cr radar tracking, or both. 
Like small arms, AAA may have either single- or multiple- 


barrel configurations. 
b. Guided Missiles 


A guided missile is an aerospace vehicle, with 
varying guidance capabilities, which is self-propelled 


through space for the purpose of inflicting damage on a 
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Figure 1.7 HE-T Projectile 


designated target. (An unguided missile is called a rocket 
and is normally not a threat tc airborne aircraft.) These 
propagators contain a propulsion systen, a warhead section, 
a guidance section, and one or more sensors. Movable control 
surfaces are deflected by commands from the guidance section 
to direct the missile in fright: Some missiles are depen- 
dent on off board equipment for guidance commands, while 
others are able to guide themselves independently after 
launch. The various kinds of missile guiđance will be 
discussed in Chapter II. A sketch of atypical missile 
configuration is given in Figure Lad Ihe tuo types mor 
missiles that pose a threat to airborne arera S 
alr-tc-air or air-intercept ‘nissile eee 0) and the 
surface-to-air missile (SAM). 

Air-to-air missiles are launched from inter- 


ceptor aircraft. Although they may employ various guidance 
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Figure 1.8 Typical Missile Configuration 


techniques, some form of homing is the primary type of 
guidance used due to weight constraints in the launch plat- 
form. Weight constraints in the missile itself dictate the 
use of relatively small warheads. 

Surface-to-air missiles are those launched from 
land- or sea-based platforus. They have varying guidance and 
propulsion capabilities which influence their launch enve- 
lopes relative to the target. They enploy various, and in 
Dany cases sophisticated, electronic counter-countermeasure 
Schemes to enhance their effectiveness. Because weight is 
not as much of a constraint for the SAM's, these missiles 
are often much laryer than their air-to-air counterparts, 


and they can have larger warheads and ranges. 
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Cie Rad rat lon 


Radiation is energy transmitted as either parti- 
cles or waves through Space at the speed of liyht. Radiation 
is capable of inflicting damage when it is transmitted 
toward the target either in a ccntinuous beam or as a Ligh- 
intensity, short duration pulse. Weapons utilizing radiation 
as the propagator are referred to as directed high energy 
weapons (DHEW) and are predicted to become operational 
within the next decade. 

There are three types of radiation that are 
propagated by the DHEW. They are the coherent electromag- 
netic flux, the noncoherent electromagnetic pulse (EMP), and 
charged nuclear particles. The coherent electromagnetic flux 
is produced by the High Energy Laser (HEL). The HEL gener- 
ates and focuses electromagnetic energy into an intense 
concentration or beam of coherent waves which is pointed at 
the target. This beam of energy is then held on the target 
until the absorbed energy causes sufficient damage to the 
target to result in its eventual destruction. Radiation fron 
a laser that is delivered in a very short period of time 
with a high intensity is referred to as a pulse-iaser beam. 
The acronym laser stands fcr Light Amplification =e. 
Stimulated Emission of Radiation. 

A  nonconerent electromagnetic pulse, or EMP, 
consists of an intense electronic signal of very short dura- 
tion that travels through space like a radio signal. When an 
EMP strikes an aircraft, the electronic devices in the 
aircraft can be totally disabled or destroyed. The effects 
of EMP were first okserved and measured during the high 
altitude nuclear testing that took place in the early 
1960's, and since that time EMP has generated considerable 
interest and concern. In the past, EMP of sufficient energy 


to qualify as a threat has been generated only by nuclear 
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detonation. Aside iron the very real threat, however, 
present technology trends indicate that nonnuclear weapons 
capable of sufficient power to generate a real EMP threat to 
aircraft may become operational within the next decade. 

The charged particle beam weapon is the newest 
of the developing threats and utilizes radiation in the form 
of accelerated sub-atomic particles. These particles, or 
bunches of particles, may be fccused on tne target by means 
of magnetic fieids. Considerable target damage can result. 
Ihis type of weapon has the advantage that it will propagate 
through visible moisture which tends to absorb energy gener- 
ated by the HEL. 


E IBE BIG PICTURE 


The sequence of events ir an encounter between an air 
defense system and an air target is referred to here as the 
pig picture. Tnis text will ¡present air defense as viewed 
ron a typical task force. tois generic formation will 


ene Stor a Single high value unit (the aircraft carrier) 


supporting arrcraft, and severai ships with medium range 
missiles and anti-alrcraft guns. atong utilizing a task 
force viewpoint, it should ke noted that these tasic 


concepts of air defense may apply to any air defense roie. 

The scenario shall begin with the detection of an 
unknown aircraft apprcaching the formation. Suppose, for 
exauple, a single air contact is detected by radar and then 
crac: Moio to. aid àn gaining its identity and 
determining its flight parameters. 

If tne target's identity is unknown or evaluated as 
hostile, tnen the contact will Le assigned to a fire control 
system For accurate tracking. À particular weapon type, in 
this case a missile, is selected and the weapor is prepared 


for delivery. The fire control system shall compute launcher 
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orders, intercept data, missile commands, and may present 
reccomerdations to improve the probability of gaining a 
target kill. The missile is then fired, and yuided to its 
predicted intercept point. Upcn intercept the missile is 
commanded to explode via fuzing action, and the damage 
mechanisms will be delivered to the target. The £iring unit 
must then evaluate the results of the shot, and if needed 
additional action may be required to destroy the target. 
The scenario to be considered is that the task force is to 
defend itself against air targets using gun systems, missile 
systems and the associated air defense equipment. The entire 
scenario from detection to destruction of a hostiie aircraft 


wili now be considered in more detail. 
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II. OPERATIONS AND LETHALITY 
As stated previously, air defense consists of three 
broad areas; Characteristics, Operations, and Lethality. 


The Operations field consists of those environmental factors 
and inherent capabilities that relate the ability of the air 
defense system to perform its basic functions. The 
Lethality field refers to the collection of factors that 
relate to the fire control, the propagator trajectory, and 


the terminai erfects parameters. 


A. INHERENT OPERATIONAL CAPABIIITIES 


The seguence of events in almost any encounter between 
an air defense system and its target is somewhat the sane. 
There are six distinct phases incorporated in the innerent 
capabilities of the air defense system; Search and 
Detection, Track and Evaiuation, tire Control Acquisition 
Mn race, Laúunch/Firingy, Trajectory and Guidance, and Final 
Eya uation- Aira id ls trates a typical pattern of 


events that may occur in an air defense encounter. 


e Search and Detection 


For any air defense system to function, it must 
first be able to detect the presense of aircraft at a range 
that wili allow enough time to evaluate the possible threat 
and to deliver weapons to counter the threat prior tc the 
dicerie conplishing its Objective. The threat can be 
guided or unguided. It may be maneuverable or may fiy ona 
preset path. It may travel at high altitudes or just above 
the surface, and it may travel at subsonic or supersonic 


speeds. The detection system must be able to sense tne 
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Figure 2.1 Operations Flow Chart 
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presense of the threat and to provide the necessary data to 
enable the determination of the threat's capabiiities withir 
this wide spectrum. 

Search and detection can be accoupiished by radar, 
by the human eye (with or withcut the assistance of optical 
or electro-optical devices), Ey the human ear (aided or 
unaided), by lasers, and by forward looking infrared devices 
(FLiR). There are three phases involved in the search and 
detection for aircraft. The first is the surveillance of an 
assigned area to determine the presense oí targets. Second, 
target parameters such as speed, number of targets, and 
Leading are determined. The final  pnase consists of deter- 
mining the tarçet's location in range, Dearing, and 
elevation. 

There are three general detection methods utilized. 
The first is an active system. It employs a self-generated 
source as the sensing agent. For example, a radar is an 
active system because it transmits a selr-generated electro- 
magnetic beam which reflects from the target to the radar 
receiver. The second metnod is a semi-active system, which 
has the agent to be sensed (radiation) transmitted froma 
source separate from the detecting systen. Ea pale a 
passive detection system is one in which receives a signal 
that is generated by tae target itself. An example of a 
passive system is one that detects the infrared radiation 
emitted from the target's heat transmitting areas, such as 
hot engines. 

There are several factors that may hamper the detec- 
tion of targets. Some possible sources of detecticn error 
may include electronic and thermal noise, radar array misa- 
lignnment, servo or mechanical vibration, target glint, 
target scintillation, atmosphere propagation, and clutter. 
Noise, either internal to the sensor or generated in the 


environment surrounding the target, may obscure the presense 
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of valid targets. Detection systems must be designed to 
Minimize internal noise and alsc to distinguish signals rron 
ambient or external noise.Other factors affecting the detec- 
tion of valid radar targets includes the target radar cross- 
section, the radar transmitter power, the receiver 
Sensitivity, and operator performance. Counterueasupes eM 
as jamming and deception techniques, may be employed by the 
enemy to confuse a normally reliable system. The detection 
system must be equipped to use counter-countermeasures to 
bypass the effects of enemy electronic warfare tactics. 
Among these counter-countermeasures are frequency diversity, 
increasing transmitter power, increasing receiver sensi- 
tivity, and anti-jam features such as antenna side lobe 


cancellation and Moving Target Indicator devices. 


Za. Track land Evaluation 


The air defense systen's task nas only begun with 
tne detection of air contacts. Each aircraft detected must 
be tracked accurately to provide data for evaluation 
purposes and to allow the more sensitive fire control radar 
to locate the target. The evaluation carried out on the 
aircraft determines if the aircraft is friend, foe, neutral, 
or unknown. This decision must be made as quickly as 
possible to maximize the weapon firing time. One such tech- 
nique is Identificaticn Friend cr Foe (IFF), which employs 
ar antenna to send an "interrogation” Signal to allvarrenass 
detected. Friendly aircraft have equipment on board which 
automatically  re-transmits a signal that identifies tne 
aircraft. Without the returning signal, Qta cis Urraca: 
must make a decision as to the classification of the 
contact. The decision can be made based on possible emis- 
sions received from the aircraft, the flight profile or the 
alrcraft (low, high, fast, slow), the composition of the 


threat alrcrazt ({one,few,naNyY}, and tie course tiem ener tae 
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e-sfioking@licrossing, cioslnag, ofening). The present tactical 
ERA ci on par also aid in the evaluation of the aircraft. 
For example, if no hostilities are present and the surface 
unit is not in a wartime environment, ther a single air 
contact may be assuned friendly even though no IFF is 
received. if, however several aircraft are detected closing 
at a high rate of speed and there is a hostile environment, 
then the aircraft may be assumed hostile provided no 
evidence to the contrary exists.  Precautions should always 
be employed, and readiness of an air defense system should 
be exercised to ensure that prcper tracking and evaluation 
techniques are utilized to their fullest. 

Figure 2.2 illustrates a possible secuence of events 
from detection OL am aircraft through the evaluation and 
engagement decision processes. (oO al (eld Cltin teat Lom 
method, the flowchart leads to a block entitled  'Aprly 
Doctrine". The firing doctrine should address in detail the 
procedures mu ndUurngsunvdentrfired contacts. in particular, 
the firing doctrine may consider such questions as; is the 
aircraft in a Weapon Free or Weapon Tight area, is the 
Meeting a hostile act, and is tne aircraft pene- 
trating the defense corridor? The firing doctrine will be 


discussed in greater detail later in this chapter. 


nn contro! Accuisition and Track 


E mor enoughlio Just detect, track, and classiry 
targets. Hostile aircraft that are to be engaged with anti- 
alr weapons must be tracked with a high degree of accuracy. 
This accurate tracking is necessary to determine launching 
orders, intercept positions, aiming point, and position data 
for missile seekers to look for vaiid targets, and to deter- 
mine continuous updates to the solution of the fire control 
problem. The accurate tracking is acconpiished by the rire 


control system. 


E 


= > €————M Á———— n a a o A o O R — A eg cr 


TT Me Ro ZZZ TO RO TR RT eE e EDD E c dcc em AA II coc. 























ama re "Control Factors: 


Fire controi factors consist of the types of 
fire controi, the types of coverage, and the types of 
errors. The usual types of fire control are an open sight, 
HnEEon-mounteoptical or mechanical lead computing sight, 
Eadie and ECC tro- optical. Stali arms and light AAA typi- 
caliy use the open or on-mount sight, whereas most heavy AAA 


and the guided missile systems use radar and/or a direct 


view optical or electro-optical device. The types of 
coverage are aimed fire (at a specific target), sector 


intercept (fire directed to a sector of air space), barrage 


(general coverage of the air space), and any combinaticn of 


these. There are three major types of fire control error: 
ldckuang error, aiming error, and lead angle prediction 
error. 


Tracking error is the error introduced into the 
firing or launch and guidance operations of a weapon systen 
by the inability of the tracking system to provide an exact 
Becord Of the ajreraíft flight cath. Tracking data is used 
for many purposes, such as alerting appropriate threat 
units,estabiishing tactics, establishing lead angle informa- 
tion for weapon firing, and prcpagator guidance. Therefore 
the source and magnitude of tracking errors are very signif- 
icant in weapon effectiveness. The term tracking error is 
used to represent the net effect of all contributors or 
sources in specifying target position and rate data. 

Aiming error is the error introduced into the 
A na or larnching Operations due to tne inability to 
correctly position or aim the appropriate equipment in a 
desired direction. Aiming errors are used to represent 
errors involved in ¡pointing cr positioning a weapon or 
weapon platform at the desired point predicted by the fire 
control system. These errors may stem from a human inter- 


face, from a machine, or from a combination of both. 
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Lead angle prediction istat fire coma 
computational process used to establisn the desired Tosi 
tioning Oor arning N o naos All weapons that fire 
ballistic projectiles must have some means of solving the 
fire ccntrol problem. From the mreasurement of current target 
position and velocity, the future target position must be 
estimated, weapon aim angles determined and fired so that 
the projectile and the target will arrive at the predicted 
intercept point sSimuitaneously. Most prediction methods use 
a linear extrapolation of the target's trajectory (assuming 
a constant velocity) to estimate the future target position. 
Lead angle ¿rediction error is tke projectile miss distance 
resulting from errors in the prediction of the target flight 
pa the Prediction errors may be the result of unexpected or 
evasive target maneuvers (jinkirg) during the flight time of 
the projectile or due to limitations in the process used to 
predict future target position. The predictior error for any 
firing situation is usually defined as the minimum distarce 
from the predicted intercept pcint to the target's actual 
position at the time of intercept. 

A typical fire cortrol system consists of a 
radar and a computer. A contact that is classified as 
hostile or unknown may be assigned to a fire control radar. 
The fire control radar will slew its beam to a point in 
space that the search radar has designated as the target's 
position. If the target is not displayed by the fire control 
radar at the designated position, thenla) search 1s es 
ated. The search is a calculated pattern desigred to cpti- 
mize the probability of detection of the target. ihe 
accuracy oí the target location designations to the fire 
control radar will be a function of the experience and accu- 
Lacy of the search radar operator. After the target is 
acquired, tracking is accomplished either automatically or 


manually. Tracking provides continuous accurate data oi the 
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Paradero ene tire centrol conputer which calculates various 
launch parameters for the weapon, such as seeker orders, 
intercept position, intercept time, maximum and minimum 


ranges, and operator recommendations. 
L. Fire Control Parameters: 


Some important tire control parameters are 
discussed below. 

MM Initial Reacticn Time. misti e ne 
intervai which elapses between the time an air defense 
system is made aware of a need to be fully operational and 
the tine the system is ready to begin its normal operational 
mode against the target aircraft. 

(2) Maximum Slew Fate. This is the maximum 
angular velocity in both azimuth and elevation at which the 
tracking carriage can be rotated in order to begin tracking 
and engaging an aircraft. The parameters which determine the 
maximum slew rate include tne mass of the equipment to be 
rotated and the electrical, mechanical, Or hydraulic power 
available to rotate the equipmert. 

(3) Maximum Target Detection Range. The 
maximum target detection range is that range at which a 
target can barely be unamnbiguously discerned. it is often 
expressed numerically with respect to a target signature of 
a Standard size. For example, the maximum detection range of 
a radar is generally given for a target with a one square 
meter radar cross section. 

(4) Acquisition Time. This is the elapsed 
time from the alert to the time the tracker has acquired the 
target. 

(5) Maximum Tracking Rates. These are the 
maximum rates in azimutn and in elevation that the tracking 
Carriage can be rotated while measuring the  aircraft's 


position versus time. 
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4. Launch @ Firing 


The decision to fire or launchaa weapon should mma 
accordance with the firing dectrine or the air deferse 
forces. The doctrine must address several elements to be 
considered by the firing Melt E typica hoste 
encounter. These elements include own force capabilities, 


hostile force capabilities, and the firing policy. 
a. Own Force Capabilities: 


(1) Weapons Availatle. Prior to engaging any 
enemy target, the coordinating person or persons should be 
knowledgeable in the type and quantity of weapons available, 
as well as the capabilities, advantages, and disadvantages 
of each. 

(2) Positron of Orn Forces: The position of 
Supporting forces 1S extremely important in assuring the 
best defensive posture is achieved. For example, if the 
threat iS anticipated from a particular direction aa 
the threat axis , then the defending forces may be posi- 
tioned in such a way as to offer the maximum protection to 
the HVU. 


(3) Launch Rate andika Eo 


Ih 
|" 


ire. The rate of 
fire is the number of projectiles per unit time that can be 
fired. This term is primarily used as a measure for small 
arms and AAA. Launch rate is a similar term which is used in 
connection with the number of missiles that car be launched 
per unit time. The launch rate is dependent upon the capa- 
bility of the equipment to reload the launcher with the 
appropriate weapon tyre, applying warm up power if required, 
ahd supplying accurate target data to the weapon directing 
devices. 

(4) Muzzle Velocity. This is the velocity of 


the projectile with respect to the muzzle at the instant the 
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projectile leaves the barrel. This velocity is a function of 


the projectile weight, FIERI charge, and barrel 
daracteristics. 
(5) Maximum Firing Range. This is the 


greatest distance that a weapon can be delivered frcm the 
firing or launching platform. The maximum firing range is 
dependent on environmental factors such as wind and density 
and on the weapon characteristics such as size, Shape, 
weight, and type of propellant. 

(6) Firing and intercept Envelopes. Ine 
firing envelope is defined by the locus of points that 
represent the current prediction of the aircraft's position 
when a grojectile or missile can be launched with the ex,ec- 
tation of achieving an intercept. The intercept envelope is 
sinilar to the firing envelope except that the locus of 
points now represents the location of the aircraft at the 
time of intercept. The firing envelope includes the tracking 
time required before a launch can occur. A typical missile 
firing envelope is shown in Figure 2.3. Maximum range 
denotes the position of the aircraft when the launch occurs 
corresponding to the maximum distance the missile can reach 
and cause damage to the aircraft. The maximum launch range 
depends on the target speed or Mach number and is obviously 
socie cr receding aircraft than it is for approaching 
aircraft. The requirement for damage is often specified in 
terms of a missile miss distance, which is tne closest point 
DE approach of the missile to the target. It may also be 
expressed in terms o£ a minimum level of missile maneuver- 
ability available or by the maximum time of missile flight 
based upon the self-destruct time set in the fuze. The 
maximum ranye at intercept is referred to as the maximum 
effective range. The dead zone is that volume of space 
around the launcher in which the missile warhead is unarmed 


aS the missiie passes through. The missile limit boundaries 
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aega incirron of the aircralt direction; Speed,  maneu- 
vering, and rate limitations on the missile and its conzo- 
nents. Multipath effects refer to that region where 
electromagnetic tracking beams reflect fron the terrain or 
re towond from the aircraft. Tracking accuracy may be 


severly degraded in this region. 
b. Capabilities of the Enemy: 


ihe decision to engage aircraft should be accom- 
panied with a great deal of consideration of the eneny's 
capabilities. Knowledge of these capabilities may be limited 
depending on accurate targeting data, up-to- date intelli- 
gence reports, and operator expertise. Some of these consid- 
erations are the threat type ard quantity, the position of 
the threat in relation with friendly forces, closing rate, 


and the maximum weapon release range of the opposing forces. 
Cee ering Doctrine: 


Them iringeczolicy of the air defense systems 
Cen provide information as tc the optimum utilization of 
weapons in a hostile encounter. The policy should discuss 
the positioning o£ forces to maximize their weapon coverage, 
and the number and type of weapons to be fired may be 
dictated. For example, the situation may call for rapid 
anti-alr gunfire, a single missile salvo, or perhaps for a 
shoot-look-shoot policy. Sbcot-Foor-shoot 15 Bar firing 
doctrine in which one missile is launched, and a second 
nissile is subsequently fired if the first missile fails to 
destroy the target. Other variations may include a shoot- 
Shoot- Ok Shoot, OF ripple firing, hich calls tor rapid 
firing of several weapon types. Other considerations in the 
firing decision should include current performance  reli- 
ability of weapon supporting equipment, strength of the 


track, and the force mission. 
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5. Trajectory and Guidance 
a. Trajectory Factors: 


After a weapon has been fired, various trajec- 
tory factors influence the path of the weapon from the 
firing platform to the target. These factors can be divided 
into two categories, those associated with non-guided prora- 
gators and those associated with guided propagators. 

Non-guided propagators are projectiles and 
directed radiation. Some of the factors that affect the 
trajectory of these propagators are discussed below. 

(1) Gravity Drop. Gravity drop is a measure 
of the displacement of the flight path of a ballistic 
projectile attributable to the force of gravity. Theater 
drop is proportional to the tine WoC flight anean E 
approximated by (1/2)gt? where g is the gravitational force 
and t is the Fine or Net. 

(2)  Ballistic Dicpersionm This is the scatter 
of impact points of Frojectiles about a mean point on the 
target under fixed firing condi ti ots "amd excise yo o INN 
and installation factors. Ballistic dispersion refers to 
those variations in the impact point attributable only to 
gun and ammunition characteristics. Sone causes of ballistic 
dispersion are weight and surface variations between projec- 
tiles, variation in burning efficiencies, and variations in 
the aerodynamic forces on the projectile. 

(3) Ballistic Coefficient. This is a measure 
of the attenuation of the velocity of a projectile or frag- 
ment in transit from the platform to tne target. Ballistic 
coefficients are normally in afproximating fcrmulations to 
determine average speed or timnme-od-d cC fg the 


projectile. 
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(4) Thermal Blooming. Thermal blooming is a 
non-iinear dispersion of electromagnetic radiation due to 
atmospheric index-of-refraction changes caused by molecular 
absorption of the propagating erergy. When a beam of elec- 
tromagnetic radiation passes through a gas, some of its 
radiant energy will be absorbed by the gas molecules and 
transformed into kinetic energy. The resultant temperature 
rise will force the gas particles away from the beam until 
the particie density has been reduced to the proper level 
for that particular temperature and pressure. if the bean is 
non-uniform, 1.e., more intense at the center than at the 
edges, the resultant atmospheric density will be less at the 
center. Hence, the atmospheric index of refraction, which is 
proportional to density, will vary across the beam. Since 
light rays are bent away from areas of low index of refrac- 
tion, a dispersion cf the beam results. The magnitude of 
this dispersion effect depends on many factors, such as 
radiation wavelength, beam intensity, time of radiation ina 
eee cular direction, and the atmospheric conditions. 

(5) Atmospheric Attenuation. This eS ween 
attenuation of electromagnetic radiation energy as it prora- 
gates through the atmosphere due to absorption by gases and 


Scattering by particles. 
b. Guidance Methods: 


Guided propagators can be guided missiles or 
guided projectiles. However, since most anti-aircraft 
guided propagators are guided missiles, this terminoiogy 
will be used here. The guided missile system contains a 
guidance package that attempts to keep the missile on a 
course that will eventually lead to an intercept with the 
edie Cie 

Several types of guidance are possibie, and a 


given missile system may use mcre than one type. For most 
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anti-aircraft applications, the types include command, Leam- 
rider, hominy, and retransmissicn. 

(1) Command Guidance. Command guided missiles 
are those whose guidance instructions or commands come rrom 
Sources outside the missile. Figure 2.4 illustrates one 
exanple of a command guidance system. In this type, 
guidance, a tracking system that is separate from the 
missile is used to track both the missile and the target. 
The tracking system may consist of two separate tracking 
units, one for the missile and one for the aircraft, or it 
may consist of one tracking unit that tracks both vehicles. 
The tracking can be accompiished using radar, optical; 
laser, or infrared systems. A radar beacon or infrared flare 
on the tail of the missile can be used to provide missile 


position information to tne tracking system. The target and 


the missile ranges, elevations, and bearings are continu- 
ously fed to a computer. Usirg the position and position 
rate Infcrmatlono the computer determines the rlight path 


the missile should take that will result in a collision with 
the target. It compares this computed flight path witn the 
predicted flight path of the missile based on current 
tracking information and determines the correction signals 
required to move the missile ccntrol surfaces to change the 
current flight path to the new one. These command guidance 
signals are sent to the missile receiver via the missile 
tracking system, a separate command link, such as a radio, 
or by a wire between the launcning piatform and tne missile. 
Besides steering instructions, the command link may be 
required to transfer cther instructions to the missile, such 
as fuze arming, receiver gain setting, and warhead detona- 
tion. The specific path along which the missile is navigated 
is determined by the type of guidance law used by the 
system. A particular type of command guidance and navigation 


where the missile is commanded to always lie on the 
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line-of-sight between the tracking unit and the target is 
known as command-to-line-of-sight  (CLOS) Or three point 
gui dance. This type of guidarce is sometimes  mistakenly 
called beam-rider guidance. Command guidance is used mostiy 
with short range missile systems because of the relatively 
large tracking errors that occur at TORUM Pange. 

(2) Beam-rider Guidance. In the Séam= rider 
types of guidance, illustrated in’ Fiano 2.5, and Figure 
2.09 “che aircraft is tracked by an electromagnetic bean 
transmitted by a tracking system off-board the missile. The 
guidance equipment in the missile includes a rearward facing 
antenna that senses the target tracking beam. Steering 
signals that are based on the position of the missile with 
respect to the center of the tracking beam are computed in 
the missile and are sent to the control surfaces. These 
correction Signals produce control surface movements 
intended to keer the missile as nearly as possible in the 
center of the target tracking bean. The missile @an@enusee 
said to ride tne bean; it does not see the target. The 
narrow, pencil-like tracking beam “Us@semetines@re circ emma. 
as the guidance beam. There is usually a wider, lower power 
beam used to capture the missile shortly after launch, and 
for this reason it is referred to as the capture bean. The 
beam that the missile rides can either track the aircraft 
directly, or a computer can be used to predict the direction 
the missile beam should be ¡pointing to effect an eventual 
collision with the target. In this situation, a separate 
tracker is Required to track the target. 

The bean-rider missile guidance has both 
advantages and disadvantages. It permits the launching of a 
large number of missiles into the same target tracking beam, 
Since the guidance equipment is carried in the missile. 
This, however, causes the missile to ve rather large and 


expensive. Furthermore the tracking beam must be reasonakly 
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narrow to insure an intercept, and the chance of loss of the 
missile due to target maneuveriny and evasion is increased. 
Ihe problem of large tracking error for long range targets 
usually restricts beam-rider missiles to short range. 

(3) Homing Guidance. A homing guidance systen 
is one that can determine the position of the target and can 
formulate its own ccumands to guide itself to intercept. 
With homing guidance, the tracking error is usually reduced 
as the missile approaches the target. There are three na jor 
types of homing systems: active, semi-active, and passive. 
These are iliustrated in Figure 2.7. 

If the aircraft is tracked by electronic 
radiation eguipment in the missile, the system is referred 
to as active. An example is a system that uses a radar 
transmitter located on the missile to illuminate the 
aircraft and then uses the radar reflections from the target 
for guidance. A major advantage of active homing is the fact 
that the missile can be launched and forgotten by the firing 
unit with no further tracking required. This is referred to 
fire-and-forget or launch-and-leave. Disadvantages of active 
homing are the additional weight and expense for each 
missile and the fact that the radiation from the missile can 
reveal its presence. 

If the aircraft is illuminated Ly a 
tracking beam from scme source not on the missile, and if 
the beam reflections from the aircraft in the direction of 
the missile are used for guidance, the system is referred to 
aS a semi-active homing (SAH) system. The missile may also 
require direct illumination in a rearward facing receiver 
for ccmparison with the reflected signal from the target. 
With this type of guidance, the aircraft may know it is 
being tracked, but it does not know if a missile has been 
launched. A SAH missile may or may not reyuire continuous 


target illumination. This type of guidance has progressed 
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Roa cequiírenent . for a contimious illuminator per target 
EAS y Stent a single iliuminator that can track and 
liluminate several targets on a time-share basis. This is 
referred to as sample-data SAH. 

Passive homing systems use electromagnetic 
emissions or natural reflections from the aircraft itself 
for guidance. One example is an infrared homing guidance 
system which closes in on the heat generated by the target. 
Another example is the anti-radiation missile that homes in 
pn radar navigation, tiro control signals,. Or on jamming 
signals emitted from the target. 

(^) Retransmission Guidance. Retransmission 
Guidance, also known as track-via-missile (TVM), is the 
latest technique to te used tc direct missiles toward air 
Bpargets. An Illustration of TVM is given in Figure 2.8. 
epi cally, a radar tracking system tracks both the target 
and the missile, as in command guidance. in TVM, the target 
tracking beam also serves as a target iliuminator and a 
receiver on the missile detects the reflected radiation, as 
in semi-active homing guidance. The information on the rela- 
tive target angular position gathered by the missile is 
relayed to a control unit. Guidance equipment at the controi 
unit processes the echo received directly from tne target 
and the information on target position received from the 
missile and determines appropriate yuidance commands. The 
guidance commands are sent to the missile on a data link. 
The tracking system usually has the capability to track 
Several m jets at one time, and the controi system can 
direct several Simultaneous engagements between missiles and 


aircraft: 
E? Guidance Phases: 


Missile guidance is generally divided into three 


pnases: boost or launch, midcourse, and terminal. The boost 
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phase 1S tne period cf time from missile firing until the 
booster burns all of its fuel. The missile may or may not be 
guided during tnis phase. The midcourse phase is usually the 
longest pnase in both time and distance traveled. During 
this phase, guidance may be required to bring the missile on 
to the desired course and to ensure it remains on that 
course. The terminal phase is the last phase of guidance and 
must have high accuracy and fast reaction to ensure inter- 
cept with the target. 

Generally, no one type of guidance is best 
suited for ali three guidance phases. Consequently, many 
missile systems use more than one type of guidance, with 
each one operating duriny a certain phase of the missile 
trajectery. These Systems are referred to as hybrid or 
conposite guidance systens. A system may use  beam-rider 
guidance or semi-active homing from launch until midcourse, 
at which time the guidance switches to active or passive 
homing £0r more accurate tracking and guidance during the 
terminal phase. This combinaticn also allows the launching 
platform to break away from the engagement earlier than 
otherwise possible. Several types of guidance may also be 
used sequentially DE simultaneously to avoid anv 
countermeasures employed by the aircraft, such as the use of 
a decoy flare to draw an infrared homing system off oi the 
radiation from the aircraft. If an active homing system is 
used in conjunction with a passive systen, the missile nay 


reject the flare and continue tcward the target. 
d. Guidance Navigation Laws: 


: Guidance Systems can use any one of several 
methods or laws to navigate a missile along a trajectory or 
eagat path. Four common laws are pursuit, lead angle, 
command-to-line-of-sight, and proportional navigation. The 


Pe e aet flight path information required by the 
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guidance package depends on which law is used. Some of the 
most important items of information are the angle between 
the missile heading and the line-of-sight (LOS) from the 
missile to the target, the target range, and the rate of 
change of both the LOS angle and the range. 

In the pursuit trajectory, A llustratedam Pure 
2.9a, the missile flies directly toward the target at all 
tines. Thus, the line-of-sight between the missile and the 
aircraft is maintained essentially along the heading of the 
missile by the guidance system. Missiles flying a pursuit 
course usually end up in a tail chase Situation, similar to 
a dog chasing a rabbit. There are two basic objections to 
the pursuit method. First, the maneuvers required of the 
missile become increasingly difficult during the Tact, Ea 
critical stages of flight. Second, the missile speed must be 
considerably greater than the aircraft speed. The sharpest 
curvature of tne missile flight path usually occurs near the 
end of the flight. At this time, the missile must overtake 
the aircraft. If the aircraft attempts to evade, tieMmMasts 
Minute angular acceleration requirements placed on the 
missile could exceed its aerodynamic capability, and thus 
cause a large miss distance. Near the end of the flight, the 
missile is usually coasting because the booster and 
sustainer motorthrusts last for only a short part of the 
flight. Consequently, more energy is required to make short 
radius, high speed turns at a time when the missile is 
losing speed and has the least turninj capability. The most 
favorabie application of the pursuit course is against slow 
moving aircraft, or for missiles launched from a point 
directly to the rear of the aircraft, or head on to an 
incoming aircraft. 

In the lead angle or constant bearing trajec- 
tory, shown in Figure 2.9b, the guidance system directs the 


missile along a path that results in an eventual intercept 
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Figure 2.9 Missile Trajectories 


3:9 





with the aircraft.: Por constant CUM non-maneuveriny 
aircraft, the LOS  Ltetween the missile and the aircraft 
remains at a constant angle, and the missile flies a 
straight line trajectory. Ihis is orten referee: 
collision course. If the aircraft changes direction, the new 
lead angle required fcr a collision is determined, based on 
an assumed straight line target flight path, and the missile 
is maneuvered to that new heading. 

In the command-to-line-of-sight (CLOS), tne 
missile is constantly being steered to lie on the line 
Letween the target tracker and the target, as shown in 
Figure 2.9c; thus the alternate name 3-point guidance. This 
type of trajectory is typically used only in short range 
missile systems. An example of a CLOS systen is one in which 
the target is tracked visually, using optics, and the 
missile is tracked by a sensor at the tracker that observes 
the off-axis position of the flare located on the tail of 
the missile. The amount of offset of the missile from the 
LOS of the tracker to the target is used by the guidance 
system to determine the appropriate steering commands to 
drive the missile back to the target trackiny line. These 
commands are then relayed to the missile over a data link, 
such as aluire os radio: 

The most common method for changing the missile 
heading to cause a target intercept is proportional navija- 
tion or pro nav. In order to accomplish proporilonal na moc 
tion, the guidance system must Le able to determine the time 
rate of change of the LOS between the missile and the 
target, as illustrated in Figure 2.9d. This can be achieved 
Ly equipment located on the missile or at the launching 
piatform. When tne launching platform equipment is used, the 
location of both the missile and the target must be deter- 
Mined. In proportional Navigation: the guidance system 


attempts to maintain an essentially constant LOS angle, and 
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hence cause a collision by making the rate of change of the 
missile heading directly proportionai to the rate of change 
Gene LCS. 


6. Final Evaluation 


After a weapon has been launched and has conpleted 
NIS rliIlgnt, the air defense system must determine if the 
threat has been eliminated or if the engagement should be 
continued. The destruction of the aircraft can be detected 
by observing sudden changes in the tracking status on the 
radar systems. Such changes as rapid loss in altitude and 
speed, or a sudden change in the quality of the fire control 
system's track, possibly showing several smaller contacts 
instead oí a previous strong single contact will indicate 
target damage. Other indications may be visual, audible, or 


EñectEODLC: 


B. ENVIRONMENTAL OPERATIONAL FACTORS 


Environmental factors include the mobility of tne air 
defense system, its locational adaptabiiity, and its weather 


capabITity. 


(age co Doe 


Mobility is the ease with waich an air defense 
system can be moved. Factors involved are the effort 
required for disassembling, loading transporting, and 
setting up a new location sc that effective firing or 
launching can be achieved. The measures of mobility are the 
Operational time at one location and the down-time requirei 
to move from one operating site to another. Many gun systems 
and some missile systems are mcunted on  wheeled or tracked 
vehicles and can fire on the move or shortly after stopping. 
Sea-Dased air defense systems are extremely mobile and 


require no down-time in moving to new operational sites. 
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2. Locatlonal Adaptab1 1110 


Locational adaptability reíers to the ability cf an 
air defense system to adapt to the sites at which its opera- 
tion is desired in a combat environnent. Factors which must 
be considered in site selection are the area required, the 
terrain, and accessability.  Sea-based systems must consider 
Gepth of water, navigation hazards such as shoais,and 
possibiy man made hazards such aS mines. Ease of entry, 
exit, and maneuverability are also iuportant  locational 


considerations for surface units. 


3. Weather Capability 


Feather capability refers to the ability of the air 
defense system to track and deliver the propagator to an 
aircraft during variations Mn isbn cloud cover, 
light, and forms of precipitation. Generic measures of 
weather with respect to tracking capability are discussed 


below. 
a. Clear Day Capable: 


A clear day capable systea is one with the capa- 
bility to maintain track under day Migut conditions en ee 


intervening clouds and with required visibility. 


b. Clear Night Capable: 


A clear night capable system has the ability to 
maintain track With no cloud or visibility constraints, eae 
with reduced light level (i.e., half-moon,  quarter-moon, 


etos.) 
C. Hazy Weather Capable: 


A hazy weather capatle tracker is qualified for 


day or night and has ability to cope with an increased 
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amount or particulate matter in the air (i.e., smoke, fog, 


(St, Cctc.). 
d. All Weatner Capable: 


An all weather capatle system has tre ability to 
maintain track with extremely low iight levels, complete 


cloud cover, and minimal visibility. 
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III. ORDNANCE PACKAGE AND DAMAGE MECHANISMS 

The function of the air defense propagator is to rring 
the ordnance package sufficiently close to the aircraft for 
the purpose of inflicting damage on tne designated target. 
The ordnance package consists of the warhead and possibly a 
fuze. The purpose of the waraead is to provide or generate 
the damage mechanisms to be delivered jo chica 
Consequently, the warhead is considered to be the primary 
focal point of the weapon. The different types of warneads 
can be described in terms of their configuration and ingre- 
dients. Since each classification of target presents a 
unique tactical situation, the seiection of the warhead type 


is critical to ensure target destriiction as optima 


A. DAMAGE MECHANISMS 


An examination of warhead types is preceded by a discus- 
sion of the damage mechanisps, damage processes, and 


terminal processes associated with the payloads. 


1. Definitions 


Se Se O A A o 


A damage mechanism is the output of the warhead that 
causes damage to the target. It is the physical description 
of the tangible instrument or reasurable quantity designed 
to inflict damage upon the target. The conventional damage 
mechanisms are penetrators, fragments, incendiary particles, 
and blast. Certain missile types may utilize more than one 
damage mechanism in attempting to destroy a target. For 
example, a surface-to-air missile can have blast, fragments, 
and incendiary particles as its primary damage mechanisms. 


The missile debris caused by the warhead detonation, such as 


So 
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| 
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broken control surfaces, motor case, and other niscellareous 
parts, are secondary fenetrator-type damage mechanisms. 

A damage process refers to the interaction between 
the Gamage mechanism and the target. The conventional damage 
processes are PBallistic impact, penetration, igni tmon, 
leading to a fire or an explosion, hydraulic ram,and blast 
loading. Some radiation damage processes are ignition, 
thermal weakening, and burn-through. 

The terminal effects refer to the response or reac- 
tion of the various materials, components, and personnel in 
the aircraft when subjected tc the damage processes. In 
order to make the design decisions, the engineer must be 
aware not only of the particular type of threat, but also of 
the damage processes andthe terminal effects which are 


caused by the damage mechanisms. 


2. Types of Damage Mechanisms 


a. renetrators: 


The first damage mechanism to be discussed is 
the penetrator. A penetrator can be the core of an armor- 
piercing (AP) projectile, or a rod, or a shaped charge jet. 
The damage processes associated with tne penetrator are 
Oo istea et, penetration, hydraulic ram, and ignition. 
a OO penretration' thr Cugi the aircraft structure, 
components, and fluid is proportioral to its momentum. The 
penetrator velocity and mass are therefore important 
parameters. 

The primary damage processes caused by penetra- 
tors are ballistic impact and penetration. Initial penetra- 
tion usually involves piercing the skin of the target. 
Penetrators with soft cores generally flatten upon impact 
ard create larger holes than their initial diameter. When 


the penetration produces a clean hole, the section of the 
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structure sheared out by the cenetrator is called a plug, 


and this type of penetration is called plugging. For 
slightly harder material, the penetrator nustitear tie 
surface during entry, and a crown-shaped  protrusion 


surrounded by radial cracks 15 formedillas shown as 


3.1. This type of penetration is called petalling. 
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Figure 3.1 Petalling Damage 


The velocity required for penetration is called 
the ballistic limit cr v 50 trallistic m mt ande gu 
velocity at which 50% of the impacters penetrate and 50% 
fail to. penetrate. After penetration, the particle will 
have a new or residual velocity, possibly a new direction, 
and perhaps a new mass. Several sets of penetration equa- 
tions have been developed for the residual velocity,  direc- 
ton and mass of penetrators and fragments  impacting 


various materrtals round n arcat: 
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The terminal effects of inpact and penetration 
depend upon the element tnat is penetrated. In the case of 
structural menbers (e.g., Spars, ribs, skin, and longerors), 
Nemwetration can lead to a loss of load-carrying ability. 
Aerodynamic surfaces, such as ailerons and rudders, can fail 
to perform their aerodynamic function after penetration. 
Mechanical components (e.g., Nydeadbicfactuators, «contro! 
rods, and drive shafts) can crack, jam, or sever. Penetrated 
engine components can lead to catastrophic engine failure, 
fuel leakage, and engine fire. Penetration through pressure 
lines or fluid containers can result in leakage, hydraulic 
ram damage, subsequent injestion of fueli by an engine 
rough inletweaucts, and possibly fires and explosions. 
Penetration through avionics ccmponents such as computers 
and radar equipment, can cause a loss of signal or function 
and may lead to a fire or explosion. Crew members, when 
penetrated, tend to lose their abiiity to function, and 
penetration of explosives or fropellants can result in a 
mime. Or explosion. 

When a penetrator impacts armor or a very nard 
Structurai material, a damage process called spallation may 
result. In spallation, fragments are torn off the rear 
surface of the structural material. These fragments then 
become damaye mechanisms themselves. 

When a penetratcr enters a compartment 
containing a fluid, a damage prccess called hydraulic ram is 
generated. Hydraulic ram can be divided into three phases; 
the early shock phase, the later dray phase, and the final 
cavity phase. Figure 3.2 illustrates the phases of hydraulic 
ram. The shock phase is initiated when the projectile pene- 
trates the wall of the container or tank and impacts the 
fluid. As energy is transferred to the fluid, a strong 
hemispherical shock wave centered at the point of impact is 


formed. This creates an impulsive load on the inside oi the 
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DRAG PHASE 





Figure 3.2 Hydraulic Ram 


Gz 


entry wall in the vicinity of the entry hole which may cause 
Ene entry wallfto crack and petal. As the projectile travels 
through the fluid, it usually tunbles, and its potentiai 
energy will be transformed into kinetic energy. The prcjec- 
tile will slow down due to viscous drag. An outwardly 
propagating pressure field is generated as Ildg1] 5 
displaced from the projectile path. In contrast to the pres- 
sures developed in the shock phase, the fluid is accelerated 
slowly so that the peak pressure is much lower, however the 
duration of the pressure puise is considerably longer. A 
cavity develops behind the projectile as it passes through 
the fluid. Ihe cavity is filled with liquid vapor evaporated 
from the cavity surface and with air that has entered 
through the entry hcle. As the fluid seeks to regain its 
undisturbed condition, the cavity will oscillate. The ccnco- 
Mitant pressures will pump fluid from any holes in the tank, 
and they may be sufficient to damage other system compo- 
nents. The cavity oscillation is called the cavity phase. 

nem ava caule cam loading on ali of the wet 
walls of the tank can cause large scale tearing and 
petalling. These holes may be much larger than those caused 
Dy the actual penetrator. The hydraulic ram loading can also 
be transmitted through attached lines causinyj failure at 
fittings or other discontinuities. 

A metal  penetrator that iapacts a metal target 
at high velocity may generate incandescent particles or 
vapors that are a source for ignition of flammable gasses or 
combustible materials. This phenomenon is referred to as 


Va DOE It hem t bas hi. 
b. Fragments: 


Fragments are a damage mechanism which can be 
described as irregular metal articles varying in weight, 


Shape, and velocity. The difference between a penetrator and 
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a fragment is the relative size, shape, and number produced. 
Fragment weight is usually expressed in grains (1 gram = 
15.4 grains). They way be produced either by detonation of 
an explosive warhead, or by ballistic impact. 

Blast-generated fragments result from tne deto- 
nation of high explosive (HE) warheads. They are usually 
constructed of steel and weign between 30 and 200 grains. 
Their shape may be cubic, diamond, parallelpiped, or random. 
Their total initial velocity can vary from 4,000 ron UMS 
feet per second, depending upon the dE type, the ratio or 
case weight to charge weight, and the missile velocity. 
Depending upon the fuzing technicue employed,the detonation 
may occur either inside or outside the aircraft. The size, 
momentum, and pattern of blast-generated fragments car be 
controlled by the warhead design to most effectively damage 
a specific type of target. The damage processes and 
terminal effects associated with biast-generated fragments 
are similar to those of the penetrator previousiy discussed. 
The damage caused by the fragments are generally more 
severe than that caused by penetrators particularly when the 
fragments are closely spaced. Cracks can occur between the 
holes caused by the fragments, compounding the extent of the 
damage. | 

Inpact-generated fragments may occur either as 
Spallation of the target material or by a break-up of the 
weapon at the impact point. Hard materials which resist 
penetration are particularly conducive toop par ration a 
Speed impact by a damage mecharism, such as a fragment or 
penetrator,generates an internal compression stress wave in 
the damage mechanism and in the target. Interaction within 
the target material between the initial compression wave and 
reflected tensile stress waves off of free surfaces can 
cause high tensile stresses. These tensile stresses can 


cause pieces of the target material to be ejected from the 
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BedE surface at high {lethal) velocities. If the damage 
mechanism is brittle, stresses within tne mechanism itsel£ 
can reach values suificient to shatter the mechanism after 
striking a hard surface. In both cases, high velocity frag- 
ments can be ejected inside the aircraft with the capability 
to generate the same damage processes as a penetrator. 
impact-generated fragments also tend to disperse randomly 
from the point of impact, and therefore cause damage over a 


greater area than does a single penetrating round. 
C. Incendiary Particles: 


Incendiary particles are damage mechanisms which 
include those chemical agents designed to cause combustion, 
and may be added as a filler agent to certain warheads. [In 
an HE warhead, the incendiary material is ignited when the 
warhead is detonated and is dispersed by the explosion. 
incendiary particles may also be generated by the high speed 
impact of a metai penetrator or fragment ona metal surface 
of the target. The damage process associated with incendi- 
aries iS ignition. Ignition may be followed by a fire or an 
explosion. 

The effectiveness and wide use of incendiaries 
in anti-aircraft weapon systems stems from the vulnerability 
of the aircraft fuel system to fire. Ignition and subsequent 
fire may taxe place within the ullage or vapor space ofa 
iuel tank. Fires can also occur in conjunction with a pene- 
tration damage process in which fuel spilis out of holes 
punched in tanks by penetrators or fragments and into adja- 
cent void areas or dry bays. Incendiary particles igniting 
the vapors from these spilled fuels can lead to eventual 
loss of the aircraft due to the fire burning through the 
structure, control rods, etc. Fuel is not the oniy flammable 
material on-board an aircraft. inicemdaaky partiucies Wiccan 
initiate fires in any combustible material such as hydraulic 


Ao gases such as vaporizing liquid oxygen. 


65 


Under certain conditions, an explosion or deto- 
nation of a fuel-air mixture Ey incendiary particles can 
occur. This depenás primarily on the composition of the 
fuel-air mixture and the intensity of the ignition source. 
Fuel vapor detonated within a fuel tank ullage can cause 
tank rupture, structure damage, Or complete aircraft 


disintegration. 
do Bla t: 


The final damage mechanism to be discussed is 
blast. Blast is the rapid movement of a spherically shaped 
pressure wave away from the center of aiyh pressure, as in 
an explosion. À typical pressure wave is shown in Figure 
3.3. The pressure in tne blast above the ambient pressure is 
called the overpressure, and the peak overpressure occurs at 
the leading edge of the wave. 

The damage process associated with blast is 
called blast loading. Blast loading is the stress or pres- 
sure loading applied to a target as a result of the blast. 
Blast loading is the combined effect of dynamic pressure 
loading (drag) and overpressure loading. In most warneads, 
biast is a secondary damage mechanism. Except in close deto- 
nations, blast is usually the last damage mechanism to reach 
the target. If the pressure loading is sufficiently intense 
to significantly damage the target, the other damage mecha- 
nisus probabiy obtained a target kill, provided they hit the 
target. 

Dynamic ioading is produced by the velocity of 
the air in the blast with respect tothe aircraft: ThE 
danage process causes structural deformation, bending, and 
tearing of cantilevered structures (wings), and dynamic 
removal of any loosely secured attachments  (e.g., canopy, 


panels, and antennae). 
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Figure 3.3 Typical Pressure Wave 
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Overpressure loading is a damage process that 
results from the effects of the overpressure 10 mei 
striking and moving cver the surfaces ot tne target. he 
initial overpressure is eventualiy followed by a period of 
underpressure. Any semi-closed structures or containers in 
the aircraft, such as fuel  tarks and hydraulic reservoirs, 
can experience a sudden conpression/decompressior cycle. 
This cycle can result in structural failure or loss of 
integrity in these structures even though they were not 


directly facing the Clasik 


B.  FUZING 


The ordnance pacxage is divided into two basic catego- 
ries: | fuzed warheads, and non-fuzed warheads. The fuze 
package consists of a safety and araing device to keep the 
weapon safe until it is deplcyed and clear or friendly 


forces, a detonator to initiate the high explosive charge, a 


device that senses the presense of the target, known as a 
target detection device  (TDD), and a logic ‘circus. 
initiate the detonaticn at the proper tine. To be effec- 


tive, the detonation should occur at the point of the flight 
that will cause maximum damage to the target. This "optimum 
time of detonation" is a functicn of the flight geometry and 
target type. It is often desirable to delay arming of the 
warhead to prevent accidentai detonation due to incorrect 
fuze action. 

The fuze must have the capability to determine the 
proper detonation point. The data required for this calcula- 
tion may be developed from energy generated by the target or 
fron the flight parameters of the missile itself. The data 
may be obtained independently or it may be supplied through 
the guidance system of the missile. The complexity of the 


fuze may vary from a rather simple contact-sensing device to 


68 


one which may solve the entire fire control problem to 
determine the correct detonation time. | 

Fuzing can be accomplished by several methods. Ine 
Simplest of these are the timed and contact fuzes associated 
with the light AAA. Timed fuzes are set to detonate ata 
predetermined elapsed time after firing. Contact fuzes may 
detonate the charge instantaneousiy upon target contact 
(superquick) , or after a shcrt delay. The type of fuze 
chosen will depend upon whether the detonatior is desired on 
the external suríace or within the target. High explosive 
projectiles used for light AAA are normally designed to be 
contact fuzed with a preset detonation delay because the 
small amount of explosive used can only be effective when 
detonated inside the aircraft. 

Proximity fuzing, sometimes referred to as VT fuzing (a 
code name used during World War II for variabie time 
fuzing), is normally used in ccnjunction with heavy AAA and 
missile warheads. With proximity fuzing, the warhead is 
detonated at some distance from the aircraft based upon the 
fuze logic and the relative location and motion of the 
target. The presense of the target is determined by a 
target detection device (TDD). The fuze TDD may ke active, 
semi-active, or passive. The active TDD radiates an eiectro- 
magnetic signal, a portion of which is reflected by the 
target and detected by the TDD. A semi-active TDD detects 
electromagnetic energy reflected from a target that is being 
illuminated by another source. A passive TDD detects elec- 
tromagnetic energy that is radiated by the target itself. 
Most proximity-fuzed warheads also have time and contact 
fuze capabilities fcr self destruction and detonation upon 
direct hits. Some missile warheads can be command detonated 
Pile ide ma ls trol the Missile controller when the non- 
terminal tracking and guidance equipment indicate sufficient 


Provato Lhe target. 
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Non-fuzed warheads are referred to as  penetrator 
warheads or kinetic energy penetrators and only cause damage 
when direct contact is made with the target. Warheads of 
this type are employed almost exclusively by small arms and 
light AAA weapons. 

The safety and arming (S&A) device has two functions. 
First, it prevents accidental detonation of the warhead by 
interrupting the path between the fuze and tne payload until 
a "safe" time. Secondly, it provides the detonation path by 
removing the interrupter after the the safe time has 
elapsed. The S&A device thus actS aS a Switch which remains 
open until safe detcnation can occur ang then closes to 
complete the detonation path. Normally, a physical cbstruc- 
tion is utilized to accomplish “tre safety and acima 
functions 

In some cases the S&A device is used as a safety device 
that will self destruct the missile by initiating a destruc- 
tive charge if the target is not encountered in a reasonable 


time frame. 


C. WARHEADS 


The warhead, or payload, is the damage producing element 
of the ordnance package. The damage may be created by 
converting a potential energy in the form or chenical, 
mechanical, or nuclear products into a destructive force. 
This destructive force can be an immense explosion or a 
release of chemicai, biological, or radiological agents. The 
appropriate warhead is determined by the anticipated target 
characteristics. 

Warheads are generally categorized by the type of 
destructive agent or damage mechanism employed in destroying 


the target. 
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Ta Penetrator Warheads 


a. Bali-Type Projectiles (B): 


These projectiles ccntain penetrators with rela- 
tively scft metal cores designed for small weapons against 
personnel and unarmored targets. The soft core flattens upon 
impact, creating a larger hole than would normally be made 


by a harder substance of sinilar size and shape. 
PRP emor-Piercins Projectiles (AP): 


The armor-piercing rrojectile is composed of a 
hardened steel core encased in a metal jacket. It is shared 
in such a manner as to give it maximum penetrablity through 
the target. This type of projectile is normally associated 
with small arms and light AAA. 


C. Armor-Piercing Incendiary Projectiles {AP-T): 


This type of projectile is the same as the 
armor-piercing projectile, except that an incendiary mixture 
has Leen installed inside the ncse of the metai casing. The 
metal jacket is designed to peel off upon impact with the 
aircraft. The heat that is generated on impact ignites the 
mixture, and causes an intense, long-lasting fireball. This 
increases the probability of inducing a fire .or expiosion. 
These projectiles are normally associated with small arms 


and light AAA. 


2. High Explosive (HE) Warheais 


=> — 


A high explosive warhead consists of a metal casing 
around a high explosive core. All high explosive warheads 
types are fuzed, and some may contain incendiary particles 
that are ignited upon impact or Getonation. They may be used 
either in projectiles or in missiles. HE warheads can be 


detonated by any of the fuzing methods previously discussed. 
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There are four major types of HE warheads used 
against aircraft. They are the Dlasteor M Pressunce dn 
the fragmentation warhead, the continuous rod warhead, and 


the shaped charge warhead. 
a. Blast or Pressure Warhead: 


In the blast warhead, the case surrounding the 
HE charge is relatively thin. The primary damage mechanism 
is the expanding,  spherically snaped blast wave produced by 
the detonation of the HE charge. The target is destroyed 
because of its inability to withstand the overpressure 
created by the blast wave. The cverpressure wave is followed 
by an underpressure wave which also causes  structurai 
damage. The blast warhead generally has a small radius of 
effectiveness due to the small amount of charge weignt and 
to the rapid reducticn of the pressure with distance from 
the detonation. As the pressure expands sphericaliy outward 
from the blast, it decreases as the volume of. the sphere 
increases. The energy density decreases inversely with the 
volume in which it is contained, therefore the blast pres- 
sure must decrease approximately as tae inverse cube of the 
Sphere radius. The attenuation factor is actually greater 
than tnis theoretical value because of cooling effects and 
non-ideal expansion. Because of this large attenuation, most 
aerial target HE warheads are used to break the case of the 
warhead into many high velocity fragments, rods, and pene- 
LIO OPES These particles then become primary damage 


nechanisms. 
b. Fragmentation Warheads: 


Many of the current aerial warheads are designed 
to Kill the target with fragments. A fragmertation warhead 
emits a maximum number of fragments at a specified velocity. 


The HE core is designed to break into hundreds or thousands 
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oí fragments upon detonation. These fragnents are ejected at 
high velocities in a narrow spherically shaped band. The 
amount or damage which these fragments can cause is depen- 
dent upon size, velocity, ODIO Deo na The natural 
fragmentation of a smooth case is random in size. A case 
which breaks into tiny particles or into a few large pieces 
is not efficient in causing damage to the target. The large 
fragments could cause severe damage, but their probability 
of hitting the target is minimal. The small particles prob- 
ably would not cause significant damage even if they did 
make contact with the target. For these reasons,  fragrent 
cases are often designed to break up into fragments of a 
particular size and shape. The fragment size would be depen- 
dent upon the type of target expected to be encountered. 
These cases are referred to as controlled fragmentation 
caseS. The desired fragment dimenSions can be obtained by 
Scoring or grooving the inner or outer surfaces of the case, 
or by wrapping the case with wire. Some cases are composed 
of preformed fragments, such as Steel cubes,blocks, or small 
rods that are buried ina plastic matrix. Examples of 
controlled fragmentation are shcwn in Figure 3.4. 

Fragment density is an important parameter in 
considering the damage capabilities oí the fragmentation 
warhead. Consider a warhead that produces an expanding 
spherical shell of fragments cf the sare thickness. Tne 
surface area of this shell increases proportional to its 
radius, and the fragment density will decrease approximately 
proportional to the inverse of the square of the radius. 
Actual warheads have even more attenuation due to drag 
forces and variations in fragment size. In comparing the 
attenuation effects of a blast warhead, it 1S shown that a 
fragmentation warhead can have a greater miss distance and 
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A fragmentation warhead can be designed tc emit 
a majority of its fragments in a particular direction. When 
this emission is properly aimed, the warhead can be consid- 
erably more effective than the isotropically distributed 
fragmentation warhead. This concentration of fragments is 
referred to as a focused fragmert warhead. 

As stated earlier, a fragmentation  warhead is 
designed to emit fragnents at a specific velocity. The 
attenuation of the fragment velocity is considerably less 
than that associated with the velocity of the expanding 
blast voiume. The difference in velocities is due to tne 
fragment having a constant cross-sectional area, while the 
surface of the blast increases as the square of the 
distance. Consequently, the blast lags behind the fragments. 

The design of this type of warhead requires a 
knowledge of fragmentation propagation. Terminal ballistic 
studies describe the laws governing the velocity, size, 
stape and CRS Ra On of fragmentation warheads. 
Approximately forty percent of the energy produced Ly a 
warhead detonation is absorbed in the fragmentation process, 
while tne remainder is used tc establish the shock front. 
The fragments generated are propelled a very short distance 
ata baigh velocity. The fragments then pass through the 
shock wave. The initial velocity of the fragments can be 


estimated using the Gurney Equation. 


^. 
V z ( 2E ) C/M 
1+ 172 (C/0) 
where V = Initial fragment velocity (ft/sec) 
2E = Gurney's constant (ft/sec) 


= Explosive weight (grams) 


M = Case weight (grams) 
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The Gurney constant is determined  experimen- 
tally, and differs according to the explosive type used. 
The best way to achieve high initial velocities is to have a 
high charge-to=mass ratio: This may be obtained by using a 
thin wall container. #hen a thick wall is required to with- 
stand setback forces or to produce larger fragments, a more 
powerful explosive must be used. Velocities of fragments 
from an air burst are nigher than those produced by a 
warhead that detonatesS upon impact. This is because o£ the 
additional velocity imparted to the fragments from the 
moving missile. This is the reason that proximity or timed 


fuzing provides more effective fragmentation. 
C. . Continuous Rod nambradsE 


The continuous rod warhead consists of a bundle 
of rods running length-wise around the circumference of the 
case as illustrated in Figure 3.5. The rods are welded 
together at alternate ends so that upon detonation of the 
charge, the bundle will expand away from the blast center. 
The blast 1s sufficient to project the rods radially outward 
to form a large jagged ring Shea Tm Piqure Sos: The pag 
will expand to about 80% of its maximum perimeter. The rods 
are the damage mecnanism and are particularly effective 
against aircraft supports and structures. The initial 
velocity of the rods is roughly half of that associated with 
the fragments in the fragmentation warhead. The restricted 
effective area of the continuous rod warhead, perpendicular 
to the axis of the charge, limits the probability of 


striking a target. 
d. Shaped Charge Warheads: 


The shaped charge warheads are specifically 
designed to utilize a special  jeometry of the explosive 


Charge and liner to fccus the erergy of the explosion in one 
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Figure 3.5 Continuous Rod Warhead 


or more preferred directions. These warheads are used prima- 
rily to penetrate armor, but differ from the armor-piercing 
warheads in the method of operation. The armor piercing 
warhead is designed to force its way into the interior of 
the target and explode to cause further damage. The unde- 
formed core is the primary damage mechanism. For the shaped 
Eng LI wiwarhead remains cn the outer surface of the 
target and produces a destructive jet which pierces the 
alrcraft. The focusing of eneryy hydrodynamically creates 
one or more high velocity jets and slugs of molten liner 
material which can cause much deeper target penetration. 
This energy can be focused along the warhead axis (a conical 
Shaped charge) or ina desired array (a linear or multi- 
Shaped charge) to increase the number of jets. Shaped charge 
warheads desijned for aircraft are generally multi-shaped. 
Figure 3.7 illustrates a typical shaped cnarge warhead. 

A shaped charge warhead consists of four basic 


components. The first is a thick-walled explosive-filled case 
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Figure 3.6 The Expanding Rods 


that is open in the front.The cther components are: a thin 
front liner, a fuze, anda detonating device. A thin nose 
cone allows for proper aerodynanic stability. 

When a jet strikes a target, immense pressures 
are produced at the point of contact. This pressure causes 
stresses far above the yield strength of the steel and the 
target material flows out of the path of the jet as a fluid. 
Because of the large radial mcaentum associated with the 
flow of the target material, the diameter of the hole 
produced is considerably larger than that of the jet. As the 
jet particles strike the target, they are carried radially 
along with the target material. Thus, the jet is used up as 


it travels through the target. The jet does not spread out 
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Figure 3.7 


DETONATION 


Typical Shaped Charge Warhead 


TS 





in a cone shaped spray as temes ao Eno shielding. 
If the jet nas enough energy tc spare after perforating the 
armor, it will continue along its original parando 


cause further damage such as fire and explosions. 
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